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d = _grain meter {in cm)
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kinetic viscosity (~10"° poise)

relative density of the particle (i.e., quartz = 2.65)
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Knowing the sediment and fluid properties above, one can calculate S and from

i

acceleration due to gravity (980 em/ s9)

Figure 5, the critical value of dimensionless shear ¢ , the Shields parameter, can be

estimated. Wheres;
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T = bottom shear stress (in dynes/ em?)

= relative particle density (2.65 for quartz)
density of salt water (~1.08), fresh = 1.0 g/cc
= 930 cm/s2

= grain diameter (in cm)
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Solving for T, One can then estimate the minimum bottom shear stress, and the
minimum critical shear velocity {u,) for initiating sediment motion, assuming a fully
developed flow over a flat bottom.* J. C. Harms (1969) illustrates (Figure 6) how the
values of the Shields parameter (9=y } might vary from the flat plate condition to low
and high energy ripple conditions. At our stations where ripples are present (see
Figures 7 and 3), a large range of 7, and u, is indicated. The combined wave and
current problem {Grant and Madsen, 1982) is much too complex for the limited data
available. Therefore, we will use the flat plate comparison as a conservative estimate
of the mean bottom shear stresses and critical shear velocities present.

To estimate potential depth-averaged velocities u in the field environment, a
Reynolds number can be estimated for the flow regime. Moreover, assuming that in a
tidal current we have fully developed turbulent flow, where u*ks/v>=70 (i.e., boundary
effects are transitional), we can estimate U in a logarithmic velocity distribution

where:

(l an Y o+ ) (3)
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INTRODUCTION

Bacggrouﬁd

Clinton Harbor, Connecticut, is one of several locations in the Long Island Sound

Jomn
.,
J—

area being considered for construction of a dredged material semi-containment
facility (DMCF). A DMCF is a structure designed to prevent either the dredged

- material or the leachate within it from being transported away from the disposal site

and thereby being made available for reentry into the natural ecosystem. The concern
is primarily with highly polluted or toxic substances, but is is desirable to contain
relatively clean dredged material as well.

Consideration of DMCFs as a disposal alternative has been motivated by
expressed concerns on the (purported) pollution impacts of open-water disposal over
the long-term. The New England Division, Corps of Engineers (NED/COE) is
conducting the multi-phased Long Island Sound Dredged Material Containment Study,
authorized by Congress in May 1977, to examine the feasibility of the containment
alternative, to screen potential DMCF sites, to perform environmental baseline field
surveys and assessments, and to assess economic and social impact analyses. This
study is part of the activities directed to environmental baseline field survey and
assessment.

The proposed disposal location, as shown in Figure 1-1, is located to the west of
the Federal navigation channel and adjacent to existing beach and salt marsh lands
near Hammonasset State Park. An opportunity exists to expand the Hammnonasset
marsh and create additional salt marsh valuable for wetland habitat. Two sizes of the
DMCF are considered to account for possible variations in the amount of dredged
material to be disposed. The smaller DMCF has an area of approximately 40 acres and
the larger DMCF has an area of approximately 135 acres.

Because the objective of the Clinton Harbor DMCF is expansion and protection
of the existing marsh area, only a low dike will be constructed, using dredged material
faced with two feet of riprap for erosion protection. In its final form, the
containment facility would consist of channels for tidal movement with vegetative
areas in between, similar to the neighboring marsh. The Clinton DMCF is expected to
be filled during the course of one year, using a hydraulic dredge and floating pipeline
transport and disposal. Within two or three years after filling, the dike and dewatered
areas within the DMCF would be covered with plantings established during marsh
creation,
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Figure 1-1. Proposed location of prototype dredged material containment facility.



2.0  3STUDY OBJECTIVES AND CRGANIZATICN

This document presents the results of a multidisciplinary environmental survey
of Clinton Harbor conducted under the terms of Contract No. DACW33-.81.C-0116 to
Taxon, Inc. The objectives of the survey were to identify and document the physical
and ecological conditions of the area, identify and classify habitat types, and
~determine the habitat value and environmental acceptability of constructing a DMCF.

In order to satisfy the contract objectives, Taxon, Inc., assembled and coordi-
nated a project team comprising the following subcontractors:

o Ocean Surveys, Inc., Old Saybrook, CT
Collection of physical oceanographic data.

o The Center for the Environment and Man, Inc., Hartford, CT
Tidal hydrodynamic modeling.

o Marine Surveys, Inc., New Haven, CT
Sediment-water interface photography and habitat evalu-
ation.

o Taxon, Inc., Salem, MA
Survey of benthic macrofauna, finfish, shellfish, algae,
and marsh plants.

o Environmental Concern, Inc., St. Michaels, MD
Marsh-creation feasibility evaluation.

This report is organized in sections corresponding to the results of the various
subcontractors. This section presents some background information on the Clinton
area, the proposed maintenance project and the proposed marsh creation. It includes
summaries of the results of each of the program component studies, and presents the
jeint conclusions and recommendations of all participants in the study. Section II
presents the resuits of the tidal hydrodynamic simulation modeling by The Center for
the Environment and Man, Inc., based upon data collected and synthesized by Ocean
Surveys, Inc. Section III includes the results of the sediment-water interface
photography and resultant habitat evaluations and productivity estimates prepared by
Marine Surveys, Inc. Section [V reports the results of a biological survey of the harbor
conducted by Taxon, Inc., and includes data on benthos, finfish, shellfish, algae and
marsh plants in the Harbor. Section V, prepared by Environmental Concern, Inc., is an
evaluation of the feasibility of creating marsh habitat on the area occupied by a
DMCF.



3.0 RESULTS

(V)
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Tidal Hydrodynamic Simulation

Review of results of the prototype data collection activities in the middle
portion of Clinton Harbor indicates that circulation characteristics are strongly
influenced by wind direction. Winds from the south and west tend to cause dominant
current flows toward the eastern portion of the middle harbor and Wheeler Rock.
Winds from the north and east tend to cause dominant current flows further to the
west over the proposed DMCF site and the West Rock area.

A mathematical model which simulates tidally induced current flows in the
harbor was used to assess potential changes in existing circulation characteristics due
to alternative DMCF configuration in the middle harbor. The model was calibrated
and verified using prototype data obtained by current meter measurements and drogue
survey. It was concluded that the model adequately represents existing circulation
characteristics based on statistical comparison of simulated versus prototype maxi-
mum and mean velocities and graphical display of current velocities and directions.

It is emphasized that the mathematical mode! does not incorporate representa-
tions for wave-induced turbulence and mixing-factors which are believed important in
the overall water energy regime in the vicinity of the proposed DMCF site.
Conclusions on circulation changes potentially resulting from DMCF placement in the
middle harbor should be conditioned by this limitation of the mathematical simulation
model, particularly where an energy reduction is projected.

Field data collected for the middle portion of Clinton Harbor, in or near where
the proposed DMCF is to be located on the western side, indicate that tidal waters
comprising ‘the tidal prism flowing to and from the inner harbor and associated
marshlands routinely pass over the DMCF site, That is, tidal flows are not restricted
to the Federal navigation channel on the eastern side of the middle harbor.

Simulations of tidal circulation indicate that placement of a DMCF of the sizes
considered will tend to restrict flows more toward the eastern portion of the middle
harbor and increase peak and maximum velocities in that area. The degree of increase
is generally proportional to the size of the DMCF. On the south size of the DMCF
site, near West Rock, material placement will reduce tidal circulation which formerly
passed over the DMCF site. There is a potential that wave refraction/diffraction
patterns in the middle harbor would be modified by DMCF placement. A postulate--as
yet unanalyzed--is that wave energy could be focused more toward the eastern portion

of the harbor in a manner similar to the predicted increase in tidal current velocity.



3.2 Sedimenr Profile Photogrammetry

Much of the outer Clinton Harbor bight in September was dominated by the
presence of rippled boitom, indicating general bottom instability. These ripples were
predominantly asymmetric, suggesting they were generated by unidirectional tidal
flow. However, some ripples were found to have a more complex geometry,
presumably related to the interaction of tidal flow with wind-generated waves. The
‘area of unstable bottom increased in October, including areas in the eastern harbor
which appeared stable in September.

Modal grain-size was estimated by visual comparison of the sediment-profile
images with images of known sediment types. This modal grain-size was then entered
into Shields' curve. This allowed the estimation of maximum bottom shear stress for
the area of rippled bottom. The depth-averaged velocities were calculated and
determined to conservatively range from 36 to 63 cps (1.2 to 2.0 fps).

Based upon the sediment profile photographs, all stations in September with silt
or very fine sand substratum appeared to be in Stage I succession. All stations were
aerobic and no pockets of methane gas, indicative of biological degradation, were
observed. The October faunal and habitat conclusions were comparable to those from
September.

The present biological habitat value of the area proposed for the DMCF was
judged to be relatively low due to chronic physical disturbance. Most of the resident
communities in this area were in low order successional stages; this community type
has the potential for high productivity if the frequency of disturbance is not too high.
Secondary production estimates, based on standing stocks of dominant infaunal
species, were found to be well below those documented in nearby strata with greater
stability.

The creation of the proposed marsh area could petentially increase the biological
habitat value of the harbor complex through increased habitat diversity and enhanced
productivity. In addition to the beneficial effects of the marsh, the proposed stone
containment structure would greatly increase the substratum available for hard-
bottom communities in a manner analogous to that documented for artificial reefs.
The construction of the DMCF as proposed can only enhance the biological value of
the area.



};3_ Biotic Survey

The September benthic macrofaunal sampling indicated four basic faunal pro-
vinces within the study area. One of these occupied the deeper offshore muds beyond
the harbor proper and was occupied by a "typical" Long Island Sound sof t-bottom
community. A second area, comprising the shailow subtidal zone of the proposed
disposal area, was occupied by a community wholly different from that found offshore;
species which were common at oné location tended to be absent from the other. The
majority of the disposal area was occupied by. a community which was very closely
related to that seen in the shallow subtidal but which also contained species generally
not seen further inshore. Finally, the deeper areas of the outer harbor contained a
community which comprised components of the other three community types.

Benthic infaunal diversity and density were both greatly increased in October.
The pattern of station groups was very similar to that seen in September: an offshore
group of stations, a shallow subtidal group occupying the extreme inshore area of the
disposal site, and a group of stations occupying the deeper areas of the harbor.
Although some individual stations, particularly those at the group boundaries, changed
groups between sam blin gs, the general pattern was consistent.

The results of the benthic survey indicate that Clinton Harbor appears to be a
relatively unimpacted and well-balanced estuarine ecosystem. No evidence was found
to indicate changes' in natural communities due to human activity and there was
generally little evidence of stress due to natural conditions. The comparatively low
richness and density at some outer harbor stations is evidently related to natural
conditions such as sediment type or exposure. |

In the proposed disposal area at Clinton Harbor, the resident faunal community
appears to be normal, well-balanced, and typical of many northeast estuaries with
similar sedimentary and hydrographic regimes. Species such as Tellina agilis and

Streblospio benedicti, the most characteristic species at Clinton, are reported from .

many areas and form the basis of what may be considered the normal muddy-sand
community.

Benthic invertebrates are a valuable food source for the bottom-feeding fishes,
primarily winter flounder, in the study 'érea. Although the removal of this food source
due to DMCF construction would seemingly produce a resultant decrease in finfish
stocks, there is evidence to suggest that the reverse may be true in this case.
Productivity in the area, as evaluated by MSI, was found to be very low, presumably

due to chronic physical disturbance. The combination of greater bottom stability



within the shallow embayment proposed by Dr. Garbisch's design and the usually
highly-productive hard-bottom comrnunity which will occupy the stone containment
breakwater will probably result in a net gain in available food resources for bottom
fish.

No shellfish were found in any of the subtidal shellfish samples. Based upon
other evidence and the benthic sampling, it was apparent that hard clams (M.
mercenaria) and bay scallops (A. irradians) exist in this area but they are evidently too
sparse to be of commercial importance.

A localized population of oysters (C, virginica) was found in the intertidal zone
at Hammonasset State Park. Although shellfish densities in this area were moder‘ately
high, the limited extent of the population would preclude anything more than a casual
recreational fishery. A series of samples from the shoreline failed to indicate the
presence of significant populations of softshell clams (M. arenaria).

Fifteen finfish species were collected in the harbor, three of which were
classified as dominants: winter flounder, summer flounder, and silversides. For both
flounder species, scale samples indicated that the resident population at Clinton
comprises primarily younger f{fish, with older individuals presumably being found
further offshore, It is difficult to extrapolate this one-time sampling to produce a
more cornprehensive seasonal picture of finfish populations in the harbor. Because the
age structure of winter flounder indicates that spawning occurs in the Clinton Harbor
system, older individuals of this species would be expeced to move into the area in the
late winter/early spring for that purpose. Summer flounder do not exhibit the same
migratory pattern, and their incidence in the harbor is probably more constant through
the year. Similarly, the population of silversides would not be expected to vary
seasonally due to migratory behavior.

Gut content analysis indicated that decapod crustaceans, primarily the sand

shrimp, Crangon septemspinosa, were the most common focd for summer flounder.

Winter flounder, however, fed predominantly on infaunal invertebrate species, particu-
larly polychaete worms of the family Spionidae which were commonly a major
component of the benthic community throughout the harbor. Winter flounder also fed
upon bivalves, with the razor clam, Ensis directus, being encountered frequently.

Silversides were determined to be plankton feeders. Without additional data, it is
impossible to speculate on potential seasonality in diet for these species, but it is
reasonable to assume that it must be at least partially controlled by seasonal

variations in the benthos.



Most of the intertidal and shallow subtidal bottom in the area of the proposed
DMCF at Clintbn is unsuitable for algal colonization. Significant algal populations
were located in three spatially-restricted areas: the rocks comprising the southwest
boundary of the harbor, salt pannes within Hammonasset Marsh, and a small tidal
creek draining the marsh in the vicinity of Hammonasset State Park.

The rock substratum community was the most diverse, supporting over 30 species
of algae. These were primarily found in the lower intertidal and subtidal zone, and
primarily on the outer face of the rock dike at Hammonassett Point. Species found in
this area were typical and included Irish moss (Chondrus crispus) and wrack

(Ascophyllum nodosum). Although the only examination of this rock substratum
community conducted for this report was confined to attached macroalgae, studies by
Taxon at Plymouth, Méssachusetts, have shown such habitats also support exceedingly
dense and diverse faunal communities. The habitat sur\)eyed is similar in many
important characteristics to that which will be created by the stone containment
breakwater. The diverse algal community found at Hammonasset Point is indicative of
the type of community which should be expected to develop on the breakwater.

The salt panne algal community had very low species richness with only eight
species being collected. Total algal cover was less than 20 percent of available
substratum. Dominant members of this community included Cladophora albida,

Enteromorpha intestinalis, and Ulva lactuca.

The bottom of the tidal creek contained cobbles and oysters, and was heavily

colonized by macroalgae. The red alga Gracilaria foliifera was the dominant species

here, along with the green alga U. lactuca.
The upper areas of Hammonasset Marsh supported a suite of vascular plant
species which were typical of New England salt marshes. In the area of Hammonasset

State Park, the marsh grass Spartina alterniflora was the dominant species in the

intertidal zone, being replaced by S. patens in the vicinity of Cedar Island.

3.4 Marsh Creation Feasibility and Design

The site was determined to have high potential for biological enhancement.
Dredged material disposal and landscaping could be designed to offer a diversity of
habitat types. Existing intertidal shores could be retained and, under the protected
environment, acquire a layer of finer grained sediments that would provide an
improved habitat for benthos. New intertidal dredged material exterior areas could be
developed to provide expanded areas of mudflat marsh edge. New dredged material

interior areas could be developed to provide a combination of low and high elevation



salt marsh and high elevation unvegetated areas to promote tern nesting. Existing
shallow water areas could be retained as a refuge and feeding area for fish. The new
habitat types would have potential educational value to both the local community and
to visitors to the Hammonasset State Park.

A sequential development of the site, concurrent with periodic dredged material
disposal needs, is suggested. The present design reflects a developed site having the
following characteristics:

1. Total capacity of 971,000 cu yd of dredged materials having:

- 363,000 cu yd of fine grained materials,
- 608,000 cu yd of sand.

2. Fifty-four acres of Spartina alterniflora salt marsh developed
on fine grained materials at elevations between 4.0 ft and 5.0
ft.

3, Thirteen acres of Spartina alterniflora salt marsh developed
throughout the sand containment structure at elevations
between 2.5 ft and 5.0 fz.

4, Thirteen acres of Spartina patens salt marsh developed
throughout the sand containment structure at elevations
between 5.0 {t and 6.0 fz.

5. Fifteen acres of unvegetated intertidal sand flat at elevations
between 0 ft and 2.5 ft.

6. Thirteen acres of unvegetated to sparsely vegetated sand
nesting area at elevations between 6.0 ft and 7.0 1.

7. Twenty-eight acres of shallow subtidal area at elevations
between | ft and 0 ft.

The establishment of S. alterniflora between elevations 4.0 ft to 5.0 ft can be
accomplished by seeding. The establishment of this species between elevations 2.5 ft
and 4.0 ft and of S. patens between elevations 5.0 ft and 6.0 ft must be accomplished
by transplanting peat-potted nursery stock. Sandy areas between elevations 6.0 ft and
7.0 ft might be sparsely vegetated by a combination of Panicum virgatum

(switchgrass), Ammophila breviligulata (beachgrass), and Myrica pensylvanica

{bayberry). Commercial nursery plant materials of these species are recommended.
Regional plant materials or ones obtained from areas south to Virginia would be

acceptable to use.



40 CONCLUSIONS

The purpose of this program was to develop basic ec.ologicé.l information
necessary to evaluate the feasibility and desirability of creating a dredged material
containment facility in outer Clinton Harber, Connecticut, and establishing a viable
salt marsh ecosystem on the deposited spoils. In order to address these points,
‘investigations were conducted in three areas: (1) a hydrodynamic simulation was used
to investigate the effects of the containment structure on water movement in the
harbor system; (2) two independent biological surveys were conducted to evaluate the
habitat value of the existing communities occupying the proposed disposal area in
relation to the remainder of the harbor; and (3) a marsh creation feasibility study was
conducted to determine the utility of the site for marsh creation. These studies may
be thought of as addressing the following increasingly complex series of questions,
respectively: Will the proposed pian result in detrimental alteration of water
movement patterns? Is the present ecological value of the area sufficientiy high to
make any alterations inadvisable? Can a viable marsh ecosystem be established on the
deposited spoils and, if so, will the ecological value of the marsh be greater than the
value of the existing natural community?

As the hydrodynamic simulation indicated, tidal current patterns and flushing
characteristics of the Harbor do not appear to be detrimentally altered by the
proposed development. The meost significant effect of DMCF construction would be an
increase in tidal velocities in the outer harbor. This increase would be on the order of
2x to 3x and would presumably increase sediment transport in this area. Data
developed by the biological habitat evaluation study indicate that most sediments in
the outer harbor area are particularly unstable under present conditions with sedi-
ments to the east of the channel, where tidal velocities would be most increased due
to DMCF construction, appearing to be at the point where such changes in tidal
velocities could produce significantly increased sediment transport. The exact nature
and effects of this increased transport could not be evaluated within the scope of the
present study. Also, the model employed for the simulation did not incorporate
representations for wave-induced turbulence and mixing, factors which could be of
considerable importance and which must be evaluated in crder to adequately assess
circulation and transport changes.

Within the area of the outer harbor which would be occupied by the proposed
facility, sediments were also determined to be unstable and in a state of chronic
minor, and periodic major, resuspension. This type of bottom does not allow the

[ ——



establisimenr of complex, balanced biological communities and the resident macro-
faunal community in this area was generally characterized by species _known as Stage I
colonizers which are capabie of rapid exploitation of a substratum following physical
disturbance. These include the polychaete Streblospic benedicti and the bivalve,

Teilina agilis, which may be considered the dominant species in the proposed disposal
area. In addition, this type of bottom is usually unsuited to the development of
commercially valuable pcpulations of edible shellfish, and no significant populations
were found during the course of this study with the exception of a small oyster
population at Hammonasett State Park.

Although some communities with characteristics similar to those at Clinton can
exhibit elevated productivity, this does not appear to be true in this case. Based upon
biomass and life-history data, the estimated annual production in the study area was
approximately 10.5 g C m—z yr"l, a value which is relatively low in comparison with
other Stage [ assemblages in Long Island Sound. It appears, then, that the frequency of
physical disturbance in this area is sufficient to limit its value as a habitat. Although
it was demonstrated that the species within the area are utilized as food by demersal
fishes in the harbor, primarily winter flounder, the low secondary production in the
benthos indicates that any impacts to finfish via removal of this food resource would
be minimal.

The area was determined to have high potential for biological enhancement
through the establishment of a marsh on the deposited spoils. This enhancement would
occur in several areas, the most notable of which include: (1) the marsh proper, which

would incorporate over 60 new acres of Spartina alterniflora (i.e., "low" marsh)

habitat, an extremely productive habitat type which is not presently common in the
outer harbor area; (2) nearly 30 acres of shallow subtidal inlet-type habitat, providing
area for fish spawning and stable bottom for colonization by productive benthic
macrofaunal communities; and (3} nearly 5000 linear. feet of rock breakwater, one face
of which would provide hard bottom suitable for colonization by an extremely rich and
diverse macrofaunal community in addition to habitat for various species of potential
commercial importance {lobsters, mussels, crabs).

The investigations undertaken to date indicate no serious adverse impacts from
the proposed DMCF construction and have identified several projected benefits. We
wish to emphasize, however, that additional studies must be conducted to ensure that
adverse impacts will not occur from effects which were outside the scope of the

present study. Chief among these would be the potential for large-scale sediment



alterations due to increase tidal velocities and diversion of wave energy to other areas
of the harbor. To that end, we have developed a series of recommendations for future
work which will ensure that any such potential impacts will be fully evaluated. In
addition, we have recommended studies which will allow better quantification of the
projected benefits of the project. ‘

12



3.0 RECOMMENDATIONS

5.0 All parties involved in the various phases of this environmental assess-
ment agree that the proposed maintenance dredging and DMCF marsh
creation have the potential of producing significant improvement in
the biological habitat value of the Clinton Harbor estuarine system,.
We recommend that additional investigations concerning site feasi-
bility be undertaken.

5.2 In order for any subsequent investigations to Hdve maximum applica-
bility, the =ngineering aspects of the DMCF rust be determined in
greater detail. This would include the resolution of such questions as
containment size and configuration, location and design of provisions
for water circulation through or around the breakwater and the nature
of the breakwater itself, specifically whether the bottom is capable of
supporting the projected stone structure. '

5.3 The work done to date does not address the potential effects of DMCF
construction on the sediment budget of the area. Since substratum
changes due to this factor could prove detrimental to biological
communities at some distance from the site, sediment transport
studies must be conducted. The southwest corner of the proposed
breakwater would experience the same wave regime as Hammonasset
Point, and sediment transpart studies in the area of the Point could be
applied to predictions of the effects of the breakwater.

5.4 The dike breakwater will present a large area of rock substratum
suitable for colonization by attached macroalgae and their associated
faunal communities. This could prove to be one of the most beneficial
aspects of the project as this type of habitat is known to support
communities with high diversity and large standing stocks. The
natural rock dike at Hammonasset Point provides an opportunity to
evaluate the type of community which will become established on the
breakwater. The hard bottom community at Hammonasset Point
should be surveyed using SCUBA methodology and the information
used to develop estimates of standing stocks and productivity on the
new breakwater.

5.5 Although some cursory estimates of benthic productivity were de-
veloped for the present study, these values are based on incomplete
information. More detailed productivity studies could be performed on
the present community in the project area and on local communities
representative of the low marsh and tidal creek habitats which would
be produced by the proposed marsh creation. Such studies would
provide quantitative comparisons between the ecological value of the
present community and that of the proposed marsh.

5.6 The data developed for tidal current effects and sediment stability
indicate the potential for widespread sediment transport in the harbor
should the DMCF be constructed. Wave effects were not evaluated
and could have important bearing on this question. Following finaliza-
tion of breakwater configuration, wave effects and current effects
must be modelled simultaneously to address this question.
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1.0 INTRODUCTION

;1. Background

Clinton Harbor, Connecticut, is one of several locations in the Long Island Sound
area being considered for construction of a dredged material semi-containment

facility (DMCF). A DMCF is a structure designed to prevent either the dredged
material or the leachate within it from being transported away from the disposal site
and thereby being made available for reentry into the natural ecosystem. The concern
is primarily with highly polluted or toxic substances, but is is desirable to contain
relatively clean dredged material as weil.

Considefation of DMCFs as a disposal alternative has been motivated by
expressed concerns on the {purported) pollution impacts of open-water disposal over
the long-term. The New England Division, Corps of Engineers (NED/COCE) is
conducting the multi-phased Long Island Sound Dredged Material Containment Study,
authorized by Congress in May 1977, to examine the feasibility of the containment
alternative, to screen potential DMCF sites, to perform environmental baseline field
surveys and assessments, and to assess economic and social impact aralyses. This
study is part of the activities directed to environmental baseline field survey and
assessment.

The objective of the Clinton Harbor containment facility is to provide capacity
for material dredged from Clinton Harbor. Estimates of the volume of dredged
material to be contained range from approximately 300,000 cu yd to more than
700,000 cu yd, depending upon the (as yet not finalized) scope of the Clinton Harbor
dredging project.

The proposed disposal location, as shown in Figure l-1, is located to the west of
the Federal navigation channel and adjacent to existing beach and salt marsh lands
near Hammonasset State Park. An opportunity exists to expand the Hammnonasset
marsh and create additional salt marsh valuable for wetland habitat, Two sizes of the
DMCF are considered to account for possible variations in the amount of dredged
material to be disposed. The smaller DMCF has an area of approximately 40 acres and
the larger DMCF has an area of approximately 135 acres.

Because the objective of the Clinton Harbor DMCF is expansion and protection
of the existing marsh area, only a low dike will be constructed, using dredged material
faced with two feet of riprap for erosion protection. In its final form, the
containment facility would consist of channels for tidal movement with vegetative
areas in between, similar to the neighboring marsh. The Clinton DMCF is expected to

be filled during the course of one year, using a hydraulic dredge and floating pipeline
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Figure 1-1, Proposed location of prototype dredged material
containment facility.
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transport and disposal. Within two or three years after filling, the dike and dewatered
areas within the DMCF would be covered with plantings established during marsh
creation.

1.2 Study Objective and Scope

This report summarizes the conduct of field and analysis activities directed to
evaluation of the proposed Clinton Harbor DMCF on tidal circulation and flushing.
Placing of a DMCF in a water area could change circulation patterns within the harbor
and lead to unanticipated impacts on the harbor's biota, pollution assimilation capacity
and navigation. The objective of the study is then to determine probable changes in
circulation characteristics within the harbor as a basis for assessment of related
environmental impacts.

The study scope addressed for the circulation assessment consisted of the
following:

o Collection of prototype data on tidal current velocity magni-
tude and distribution in sections of Clinton Harbor at and
adjacent to the proposed DMCF site. These data were
collected by Ocean Surveys, Inc., and their report is included
as Appendix A.

o Formulation, calibration and verification of a two-dimensional
mathematical hydrodynamic model using the prototype data.

o Application of the calibrated/verified model is made for the
following conditions:

l. Existing tidal circulation and elevation patterns

within the Clinton Harbor estuary for mean and
spring tides.

2. Prediction of changes in tidal circulation patterns for
the two alternative DMCF configrations.

1.3 Report Qutline

The report generally follows the sequence of activities described above for the
study scope. Section 2 summarizes selected available data on physical environmental
conditions for Clinton Harbor. Section 3 presents information on the two-dimensional
hydrodynamic model and its application to Clinton Harbor. Evaluations of the
proposed DMCF on circulation are presented in Section 4. Appendix A presents Ocean

.

Surveys', Inc., data report.



2.0 PHYSICAL ENVIRONMENT

The outer portion of Clinton Harbor is relatively unprotected from southerly
winds-~a situation which causes considerable wave action in the DMCF vicinity and has
led to erosion of the beach and facing marsh. Table 2-1, extracted from a climatic
atlas (GRC,1978), presents long-term wind and other climatic data for Bridgeport, CT
(locafed approximately 35 miles west). Mean wind speed is approximately 10 mph
" during all seasons. The data indicate that during the recreation season (i.e., June, July
and August), the wind is primarily from the southwest. The wind rose of Figure 2-1 is
representative of overall wind conditions for much of the north shore of Long Island
Sound, including Clinton. The overall dominant wind direction is from the southwest

wherefrom it attains the highest velocities.

2.2 Tides

The mean tide level {predicted) in the vicinity of Clinton Harbor is 2.3 feet with
an associated mean high water level of 4.7 feet--both referenced to a mean low water
(MLW) level of 0.0 feet. Extreme low water is -3.5 feet. Spring tidal range exceeds
mean tidal range by approximately 15 percent, which makes it 5.4 feet. Actual tide
levels may differ from predicted levels depending on wind f{onshore/offshore) and
barometric conditions and combinations there.

2.3 Currents
Tidal current velocities were monitored continuously (half-hour averages) at a
station near Wheeler Rock for the ten-day period November 4 to 13, 1981. Spot
measurements of current velocities were obtained at other selected stations during the
survey period. All data are tabulated in the data report included as Appendix A of this
report, and the reader is directed there for explanation of methods, locations, etc.
Mean tidal current velocity obtained at the Wheeler Rock site during the survey
period is computed as 0.35 fps. Maximum measured velocity near Wheeler Rock was
0.86 fps and minimum measured veiocity was 0.03 fps. Figure 2-2 summarizes
measured current velocities for the survey period. Spot measurements of current
velocities at the harbor mouth near Clinton were approximately 1 fps, although
velocities in excess of 2 fps were measured in the channel during the ebb phase of
spring tidal conditions and strong southwest winds. Figures 2-3 through 2-6 present
resuits of surface current measurements obtained by drogue survey. The drogue
survey results are considered quite valuable for evaluating the effects of wind

circulation patterns in the outer harbor. As noted on the figures, the November
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11, 1981, drogue survey (Figure 2-3, flood, and Figure 2-4, ebb) was conducted during a
period of persistent wind (6 to 10 mph) from the southwest. Winds on the second day
of the drogue survey on November 12, 1981 (Figure 2-5, flood, and Figure 2-6, ebb)

were from the northeast at 3 to 8 mph.
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.0 ESTUARY HYDRODYNAMIC SIMULATION MODEL (EHYDSIM)

[SY]

3.1 Overview .

EHYDSIM is a general purpose mathematical simulation model developed to
simulate tidal hydfodynamics in shallow, irregular and non-stratified bays and estuar-
ies. The model was originally developed for the Texas Water Development Board and
applied to several Guif of Mexico coastal embayments and estuaries (Masch, 1971a and
b). The EHYDSIM model and accompanying documentatiéns were obtained from the
Texas Water Development Board for use on this and other applications.

3.2 Model Description
Basically, EHYDSIM is a computational algorithm using an explicit numerical

solution of the basic equations of motion for long-period tidal waves and the contiﬁuity
equation for unsteady flow. Operation of the model provides for a time history and
spatial distribution of tidal amplitude, tidal flow, consecutive net velocities, net flows,
tidal prisms and dispersion coefficients in each of the two coordinate directions. The
model does not represent variations in the vertical direction. The fundamental theory
and development of the basic formualtions for tidal hydrodynamics are described in
detail in the literature (Dronkers, 1964; Masch, 1969 and [971a} and therefore will not
be addressed in detail here. The basic tidal hydrodynamic equations are partial

differential equations of the forms:

e FEquation of motion, x-direction

3q
X _ 3h
E A TR T

¢ Equation of motion, y-direction

aq

Y . = .qd 20 .

51 Qq, gd 5y gdSey + Yw (3-2)
e Equation of continuity

aqx aqz 3h

5 3y T3 "¢ (3-3)
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In these equations, the basic unknown quantities are 9y and qy, the flows per foot
of width in the x and y coordinate directions, respectively; and h, the tidal amplitude.
Other quantities are defined as follows: t is time; d is water depth equal to (h-z); z is
the bottom elevation with respect to msl; q is the acceleration 6f gravity; Qis the
Coriolis parameter; Se and Se are the energy slopes in the x and y directions,

respectively; X = and waare thé wind stresses per unit density of the water; r is

rainfall intensit;}; and e is the evaporation rate.

Even for the most ideal situations, analytical solutions of these equations are
difficult to obtain. Further, complex geometry, interior features and variable
boundary conditions make purely analytical approaches unsuitable. For these reasons,
numerical methods are utilized to obtain solutions to Equations (3-1), (3-2) and (3-3).

In the numerical approach, the prototype estuary is discretized into
computational elements or cells as shown in Figure 3-1. The cells are arranged in
space and time so that the output from one element becomes input to the next, and so
on. Each input is operated on by the transfer function for the cell, and through an
advancing series of spatial and time steps, the functional behavior of the entire system
is determined.

Selection of the spatial and time steps is controlled by mathematical and
practical considerations involving stability, convergence, compatibility and represen-
tativeness. Spatial resolution and detail are determined by the model so that accurate
representation of the physical features of the estuary is obtained. There is a tradeoff
between model resolution and subsequent computational times (and costs), The

following criterion must be maintained for a stable solution:

AS
CPp— (3-4)
v2gd

max

i

where At is the time step;As is the cell size; and dmax is the maxirﬁum water depth in
the estuary sytem.

The model is considered a valid tool to evaluate tidal hydrodynamics in an
estuary if the following conditions hold:

o The estuary is vertically well-mixed.

o The long period tidal equations represent the tidal flow behavior in
the estuary.

o Wind stress coefficient and Coriolis parameter can be considered
constant over the bay.

Each of these conditions is met for the Clinton Harbor a'ppllcation.

14
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3.3 Model Formulation

The EHYDSIM hydrodynamic model is formulated and implemented through the
following step~by-step procedure.
(1) Define desired model resolution (i.e., grid cell size),

(2) Establish physical boundaries of estuary system by superimposing
a scaled grid mesh of cells over a corresponding map or
hydrographic chart.

(3) Establish average mean sea leve!l depths for all computational grid
cells.

(4) Assign computational identification numbers or flags for each cell
(Figure 3-1). Consider only the top and right boundaries of
individual cells when establishing flags. '

(5) Assign discharge coefficients and crest evaluations for all sub-
merged barriers.

(6) Establish values of bottom friction in terms of Mannings' "n"
coefficient of each cell.

(7) Obtain prototype tidal, hydrologic and meteorologic data appro-
priate for model calibration and verification.

(8) Assemble data packages and operate model until stable conditions
repetitive from one tidal cycle to the next are achieved.

(9) Refine and tune the model by checking prototype tidal calibration
plots and flow comparisons until desired accuracy is achieved,

Applications of EHYDSIM to Clinton Harbor proceeded in accord with the step-
by-step procedures outlined above. Model resolution or grid cell size was set to 500
feet, which was a compromise between adequate resolution and computer computation
times. The implications of such a small cell size are several, including a requirement
for a very small time step. Use of Equation 3-4 indicates a time-step requirement of
approximately ten seconds. However, trial simulations resulted in selection of a time
step of three seconds to achieve numerical stability. Such a small time step results in
a computation time of about one hour for simulation of a 25-hour tidal period.

Boundaries of the Clinton Harbor estuary system were established by overlaying
a scaled grid mesh of cells over the NOAA hydrographic chart (Figure 1-1).
Computational cell flag identifiers were assigned in accord with options summarized in
Figure 3-1. Figure 3-2(a) presents MSL depths for the computation grid cells.
Average mean sea level depths are assigned based on bathymetry detailed on NOAA

“Chart 12369. Figure 3-2(b) illustrates the computational cell identifications. Assigned

bottom roughness coefficients (i.e., Mannings' "n") are shown in Figure 3-2(c).
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3.4 Model Calibration and Verification

Model calibration and verification are viewed as two distinct activities relating
to establishing the validity of the simulation model. vis-a-vis conditions actually
existing in Clinton Harbor, Calibration refers to the iterative process of model
formulation, simulation and adjustment of parameters until acceptable accuracy
relative to prototype data is obtained. Verification involves running the model
established by calibration using an independent data set to confirm its Qa.lidity.

Two subperiods of the total measured velocity data set were selected and used to
accomplish model calibration/verification. These are:

Calibration data set:

- 25 hours generally coincident with November 11, 1981,
- Winds 4 to 10 mph from the south and southwest.
- Spring tide conditions.

Verification data set:

- 25 hours generally coincident with November 12, 198].

- Winds 3 to & mph from the north.

- Spring tide conditions.
These two 25-hour subperiods were selected because computation times (and costs)
were tractable and encompassed the drogue survey and wind data collection periods.

Calibration of the model is guided by use of evaluation statistics so that

subsequent runs can be compared to determine if simulated data more closely match
prototype data. In addition to mean and maximum velocities, another evaluation
statistic used is the root-mean-square (RMS) error computed as:

where: di = difference between simulated and measured value.

N = total number of values.
The RMS error statistic is also used to assess the adequacy of the verification period
simulation.

Calibration and verification are also aided by graphical plots of simulated
velocity vectors which can then be compared to the drogue survey results of Figures 2-
3 to 2-6.

Table 3-1 presents results of evaluation statistics developed for the calibration

and verification runs.
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TABLE 3-1
MODEL EVALUATION STATISTICS

Mean Velocity Max. Velocity RMS

Meas. Sim, Meas. Sim.
%?}1?3“"‘2}‘)’” Period 0.42 | 0.38 | 0.66 | 0.68 | 0.17
\{‘%;1{;0;};0" Period 0.40 | 0.37 | 0.86 | 0.59 | 0.19
{??32-2?"13“”-13-81) 0.35 | 0.37 | 0.86 | 0.68 | 0.14

Figures 3-3 (a&b) and 3-4 (a&b) present graphical plots of simulated velocity
vectors for flood and ebb tide tidal flow ;Shases for the calibration and verification
subperiods, respectively. These figures can be compared with the drogue survey
resuits shown on Figures 2-3 to 2-6 and indicate that, in general, the model adequately
reflects the influence of wind direction on circulation patterns in Clinton Harbor.
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4.0 CIRCULATION IMPACTS OF PROPOSED DREDGED MATERIAL CONTAINMENT
FACILITY

4.1 Review of Proposed DMCF Configurations

As noted in Section 1.1, the exact size and configuration of the proposed DMCF
is not yet determined. Figure 1-1 shows two possible sizes and general configurations
depending upon the amount of dredged material to be contained. Both the small and
large DMCF configurations are evaluated to determine their impact on circulation and
flushing characteristics in Clinton Harbor.

Figure 4-1 {a&b) shows the MSL depths and computational cell identifications
for the smaller DMCF., Approximate area of the smaller DMCF is about 24 acres. The
configuration differs from the model setup for existing conditions by assignment of
additional non-flow cell flags and depths to the DMCF area consisting of 5 cells (29
acres). '

Figure 4-2 {a&b) shows the MSL depths and computational cell identifications for
the larger DMCF. Approximate area of the larger DMCF is about 75 acres. The
model setup configuration differs from that for existing conditions by assignment of an
additional 13 cells as non-flow cells (74 acres).

4.2 Assessment Criteria

Changes in circulation characteristics in Clinton Harbor due to DMCF placement
can be assessed using a combination of factors, inciudings

o Graphical displays of tidal current velocity vectors for the harbor
are useful for providing an overview of circulation
characteristics.

o Current velocities at selected locations in the harbor may be
increased or decreased. Differences in peak and average veloci~
ties are used for the assessment.

o Dispersion coefficients at selected locations are useful for compar-
ison of net tidal circulation conditions and changes.

Dispersion is a generic term for transport and spread of material by tidal
currents, The coefficient represents an integraiion of tidal current action over a tidal
cycle.

Stable initial conditions were established for each assessment alternative and
each run was conducted for a (simulated) period of 25 hours. The following simulation
runs were conducted.

1. Existing Conditions

(@) No wind.
(b) SSW wind at 10 mph.
{(c) NNE wind at 10 mph,
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2. Small DMCF
(@) No wind.
(b) SSW wind at 10 mph.
(c) NNE wind at 10 mph.
3. Large DMCF
(a) No wind.
(b} SSW wind at [0 mph.
{c) NNE wind at 10 mph.
All runs were based on spring tide conditions. Trial simulations using mean tide
conditions indicated little difference for spring tide conditions.
Station locations for which the assessment criteria data are tabulated are
located on Figure 4-3 and include the following:

1. WSOQUND (I=3, J=2): Located offshore near southwestern
(top left) tidal boundary.

2, CSQUND (1=7, 3=2): Located offshore near south central
(bottom left) tidal boundary.

3. ESOUND (I=11, J=2): Located offshore near southeastern
(hottom left) tidal boundary.

4, W.ROCK (I=5, J=5): Located on south {left) side of DMCF

site.

5. DMCF (I=5, J=7): Located at center of DMCF site.

6. CHANEL (I=8, J=8): Located on east (bottom) side of
DMCEF site.

7. CLINTN (1=8, J=10): Located in main channel at mouth to
inner harbor.,

3. WHEEL (1=8, J=5): Located near Wheeler Rock.
9. HAMOCK (1=9, J=6): Located off Hammock Point.

10. EBREAK (I=11, J=6): Located near opening in breakwater
east (bottom) of Clinton Harbor.

4.3 Assessment

Simulation runs based on input data conditions outlined above provide a good
basis for assessment of possible changes in circulation characteristics attributable to
naturally occurring wind conditions and the two DMCF configurations. Table 4-1
summarizes assessment attribute data extracted from simulation runs on maximum
velocities, mean velocities, and dispersion coefficients for the three input wind
conditions. The purpose of the assessment attribute array presentation is to provide
DMCF placement and configuration within the context of naturally occurring
variability due to wind direction and magnitude. Figures 4-4 through 4-12 present

graphic plots of velocity vectors for the assessment conditions.
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TABLE 4-1
SIMULATION DATA RESULTS FROM CLINTON HARBOR

. Max. Velocity (1) Mean Velocity (1) Dispersion goef (2)
Station Existing | Small| Large |Existing | Small| Large | Existing| Small | Large
Cond. | OMCF | DMCF Cond, | OMCF | DMCF Cond. | OMCF | OMCF
Wind = 0
1. WSQUND 0.23 0.16 | 0.15 0.16 0.08 | 0.08 360 70 70
2. CSOUND 0.45 Q.51 | 0.52 0.35 0.37 10.37 1200 1300 | 1300
3. ESQUND 0.17 0.14 | 0.12 0.09 0.07 | 0.07 110 56 30
4. W.ROCK 0.31 0.17 | 0.18 .18 0.07 | 0.06 250 44 40
5. DMCF 0.17 - - 0.10 - - 125 -- -
6. CHANEL .0.49 0.69 | 1.20 0.30 0.38 | 0.61 1400 1968 (4400
7. CLINTN 0.85 0.82 | 1.00 0.52 09.53 | 0.51 1750 1900 1700 .
8. WHEEL 0.83 0.93 | 0.87 0.53 3.51 § 0.45 1700 2400 {1500
9, HAMOCK 0.24 6.36 | 0.44 0.11 0.14 } 0.15 100 330 260
10. EBREAK 0.11 0.11 { 0.11 0.07 0.06 | 0.06 50 65 40
Wind = 10 mph (SSW)
1. WSOUND 0.23 0.18 | 0.17 0.13 2.11 ;0.1 240 130 130
2. CSOUND 0.31 0.75 | 0.75 0.20 0.65 | 0.66 420 3600 3600
3. ESOUND 0.15 0.16 | 0.14 0.08 0.08 | 0.08 80 50 50
4. W.ROCK 0.55 0.37 |0.38 .3 0.18 | 0.19 730 250 250
5. DMCF 0.29 ~— ne .17 - - 290 - --
6. CHANEL 0.59 0.75 | 1.21 0.34 0.42 1 0.61 1470 2000 4400
7. CLINTN 0.92 0.88 | 1.06 0.53 0.54 | 0.52 1800 2000 (1700
8. WHEEL 0.87 1.10 | 1.08 0.46 0.78 §0.76 1440 4200 3900
9. HAMOCK 0.37 0.44 | 0.50 0.21 0.19 }o0.21 300 400 300
10. EBREAK 0.13 0.13 | 0.14 0.09 0.07 10,07 60 70 40
Wind = 10 mph {NNE)
1. WSOUND 0.25 G.14 | 0.13 0.18 0.06 {0.06 460 45 40
2. CSOUND 0.79 0.41 | 0.41 0.67 0.22 |0.22 3700 520 530
3. ESOUND 0.18 0.15 | 0.14 0.12 0.09 {0.08 230 a5 530
4, W.ROCK Q.67 0.27 | 0.28 ¢.30 0.15 | 0.14 520 230 200
5. DMCF 0.36 - - 0.22 -- -- 320 -- --
6. CHAREL 0.49 0.63 {1.18 0.22 0.37 {0.62 1400 1800 4400
7. CLINTN 0.85 0.84 | 0.95 0.52 0.53 }0.51 1700 1900 1700
8. WHEEL 1.1 0.90 | 0.84 0.80 0.60 {0.56 5200 2800 12000
9, HAMOCK 0.27 0.30 | 0.38 0.15 0.16 10.18 220 360 300
10. EBREAK 0.12 0.13 0.1 0.07 0.06 | 0.06 60 65 40

{1} Ft/sec,

(2} Ft/sec.
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The study area can be divided into three subareas, including:
o Quter harbor represented by stations WSOQUND, CSOUND,
ESOUND, HAMOCK, and EBREAK.

o Middle harbor, represented by stations W.ROCK, DMCF,
CHANEL, and WHEEL.

o Inner harhor represented by the station at CLINTN.

4.3.1 Quter Harbor
The outer harhor is dominated by input tidal boundary conditions for Long Island
Sound imposed on the model. No prototype data were obtained for this section of the

harbor, so simulated current directions may not represent actual existing conditions.
The influence of wind is quite pronounced as a circulation gyre is established
which rotates in different directions depending on wind direction (see Figures 4-4, 4-5,
4-6). The gyre is formed due to limits on circulation caused by the eastern breakwater
and depth variations. There is little (simulated) flow through the breakwater opening
(EBREAK) relative to flow into and from the middle and inner harbor.
There are no discernable changes in circulation characteristics in the outer

harbor attributable to DMCF placement and configuration.

4.3.2 Middle Harbor
The middle harbor includes the DMCF site and shows the greatest changes in

circulation due to DMCF placement and configuration. Simulation resuits for this
section of Clinton Harbor are considered most valid, as this is the section where
prototype data were obtained and model calibration/verification established.
The influence of wind is considerable as evidence by the drogue survey (Figures
2-3 to 2-6) and the simulation model results (Figures 4-5 and 4-6). With a southerly
wind (Figure 4-5), flood tide currents align with the wind and flow past West Rock
while ebb tide currents, flowing counter to the wind, are forced to the east when
exiting to the outer harbor past Wheeler Rock. With a northerly wind, ebb tide
currents align with the wind and flow over the West Rock area (Figures 4-6(b) and 2-56).
Numerical data presented in Table 4-1 indicate the following variations at the index
stations can be attributed to wind direction:
W.ROCK '
- 2X variation in maximum velocity.
- 2X variation in mean velocity.
- 2X variation in dispersion coefficient.
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DMCF
- 2X variation in maximum velocity.

- 2X variation in mean velocity.

- 2X variation in dispersion coefficient.
CHANEL

- Smal! change in maximum velocity.

~ 1.5X variation in mean velocity.

- Negligible change in dispersion coefficient.
WHEEL

- Small change in maximum velocity.

- 1.5X change in mean velocity.

- 2X change in dispersion coefficient.

In general, then, the largest variations due to wind occur near West Rock and the
DMCEF site on the west side of the middle harbor.

Placement of a DMCF in the middle harbor has a significant influence on
circulation patterns and velocities. Data presented in Table 4-1 suggest the following
changes at the index stations can be attributed to DMCF placement and configuration:

W.ROCK
- 1/2X decrease in maximum velocity for both small and large
DMCF.
- 1/2X decrease in mean velocity for both small and large
DMCF.

- 1/2 to 1/7 decrease in dispersion coefficient for both small and
large DMCF.

DMCF

- Site to be filled so no flow simulated by model. New marsh
devetopment will require channels into DMCF to permit tidal
flow exchange (not represented in model}.

CHANEL

- 1.5X increase in maximum velocity for small DMCF, 2X or
greater increase for large DMCF,

- 15X increase in mean velocity for small DMCF, 2X to 3X
increase for large DMCF.

- 1.5X increase in dispersion coefficient for small DMCF, 3X
increase for large DMCF.
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WHEEL

- Little or no change in maximum velocity for either small or
large DMCF.

- little or no change in mean velocity for either small or large
DMCF.

- Little or no change in dispersion coefficient for either small or
large DMCF.

Other than at the DMCF site, two areas of potential circulation impact in the
middle harbor are identified. Near West Rock, current velocities and overail
circulation are predicted to be reduced due to blockage of tidal flow by the DMCF.
Constriction of flows by the DMCF toward the eastern section of the middle harbor
would increase flow velocities in that section. The degree of velocity increase appears

to be generally proportional to the degree of constriction.

4.3.3 Inner Harbor
The inner harbor, as represented by the index station CLINTN located at the

mouth, is }nfluenced only to a small degree by simulated variations in wind direction or
by DMCF placement in the middle harbor. Of course, wind surge conditions resulting
from protrécted and strong southerly winds over Long Island Sound would be expected
to increase the tidal prism passing into and from the inner harbor estuary, but these
conditions are not evaluated by the simulation approach. ' l

Placement of the larger DMCF does seem to increase (simulated) maximum
velocities past the CLINTN index site by approximately 20 percent. However, there is
no change in maximum velocity for the srﬁaﬂer DMCF. Also, there are no predicted
changes in mean velocities or dispersion coefficients for either of the DMCF
configurations. In all instances, the tidal prism flowing to and from the inner harbor
estuary is passed with no apparent differences from existing conditions.
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4.4 Conclusions

Review of results of the prototype data collection activities in the middle
portion of Clinton Harbor indicates that circulation characteristics are strongly
influenced by wind direction. Winds from the south and west tend to cause dominant
current flows toward the eastern portion of the middle harbor and Wheeler Rock.
Winds from the north and east tend to cause dominant current flows further to the
west over the proposed DMCEF site and the West Rock area.

A mathematical model which simulates tidally induced current flows in the
harbor is used to assess potential changes in existing circultion characteristics due to
alternative DMCF configuration in the middle harbor. The model is calibrated and
verified using prototype data obtained by current meter measurements and the drogue
survey. It is concluded that the model adequately represents existing circulation
characteristics based on statistical comparison of simulated versus prototype
maximum and mean velocities and graphical display of current' velocities and
directions

It is emphasized that the mathematical model does not incorporate representa-
tions for wave-induced turbulence and mixing--factors which are believed important in
the overall water energy regime in the vicinity of the proposed DMCF site.
Conclusions on circulation changes potentially resulting from DMCF placement in the
middle harbor would be conditioned by this limitation of the mathematical simulation
model--particularly where an energy reduction is projected.

Field data collected for the middle portion of Clinton Harbor, in or near where
the proposed DMCF is to be located on the western side, indicate that tidal waters
comprising the tidal prism flowing to and from the inner harbor and associated
marshlands routinely pass over the DMCF. That is, tidal flows are not restricted to
the Federal navigation channel on the eastern side of the middie harbor,

Simulations of tidal circulation indicate that placement of a DMCF of the sizes
considered will tend to restrict flows more toward the eastern portion of the middle
harbor and increase peak and maximum velocities in that area. The degree of increase
is generally proportional to the size of the DMCF. On the south side of the DMCF
site, near West Rock, material placement will block tidal circulation which formerly
passed over the DMCEF site.
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Data developed on sediment stability by Marine Surveys, Inc. (Sectionlll) coupled with
current predictions indicate the potential for widespread sediment transport in the
middle harbor should the DMCF be constructed. Wave refraction/diffraction effects
have not been evaluated and could have an important bearing on this question. Some
Long Island Sound wave data currently exist and new wave data are being collected
which could be used to model wave refraction/diffraction patterns. Such analysis, if
coupled with the developed tidal hydrodynamic model, could provide an analysis base
appropriate for predicting probable changes in the total water energy and consequent

sediment and transport due to DMCF placement.
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CLINTON HARBOR PROJECT

INTROBUCTION

A REMOTS benthic survey was conducted in Clinton Harbor, Connecticut, on
September 2-3, 1981, and October 26-27, 1981. Station locations are given in Figure 1.
Field surveys were carried out in conjunction with Taxen, Inc., as part of an

environmental baseline and assessment study to evaluate Clinton Harbor as a DMCF
site.

SEDIMENTARY AND BIOLOGICAL HABITAT PARAMETERS

Methods

The areal distribution of sediment types is shown in Figure 2A and 2B. The grain
size data were obtained directly from the sediment-profile photographs of the
sampling stations, by comparing the textures observed in these photographs with a set
of photographic grain-size standards (prepared from sediments sieved to Udden-
Wentworth grades), Optical resolution is limited to grain sizes > 63# and can be
reasonably characterized within 1 phi (¢) size. The grain size range and major mode(s)
were estimated from each station photo-replicate, and plotted as silt, very fine sand
(vfs), fine sand (fs), medium sand (ms), coarse sand (cs), very coarse sand {(vcs}, and
granule. The five grain-size groupings (I through IV, and IV/I) mapped in Figure 2A-B,
were delineated by "best fit" contouring of the Udden-Wentworth grades into a
workable sedimentary facies pattern.

The sediment-profile images can also provide information about biological com-
ponents (see Rhoads & Germano, 1982). These data are most accurate for epifaunal
and semi-infaunal species which are readily visible in the photographs. Infaunal taxa
are less accurately characterized and, in many cases, their presence can only be
deduced from the presence of subsurface feeding "pockets."

In addition to identifying epifaunal and semi-infaunal taxa, we can sometimes
identify the stage of faunal succession, map the depth of the redox potential
discontinuity (RPD), and presence of sediment methane, along with the presence or
absence of dissolved oxygen over the bottomn. These variables have been combined
into a habitat index by summing the the following values:
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Planimetered RPD Area Index Value
| 2

0-10 cm 1
10.1 = 20.0 2
20.1 = 30.0 3
30.1 = 40.0 4
0.1 = 50.0 5
50.1 6
Successional Stage Irdex Value
Azoic -5
Stage | 1
Stage 1-2 2
Stage 2 3
Stage 2-3 4
Chemical Parameters Index Value
Methane present -2
No/low dissolved 0 -4

2

The indices are assigned such that the highest possiblé ranking is +10, ie., a
Stage 2-3 successional sere with a deep redox ( » 50.1 sz) and no methane present.
The lowest ranking is -10, i.e., an azoic bottom containing methane and no dissolved
oxygen (RPD index value is +1)/;For further explanations, see CEM Report No. 4280-
02-738 (December 1981). Api:;endix D presents summary tables of the sediment profile
photography data.

Results .
The distribution of sedimentary facies in Clinton Harbor for September and

October exhibits some temporal variation (see Figures 2A and 2B). Fine grained
stations (Group 1V) are represented by stations 2 and 14 (Zostera bed) and a local mud
patch surrounded by a coarse grained substratum {Station 4).

Seven September stations in the outer and eastern regions of the harbor cluster
into a vis-fs (Group 1) region (Stations 3,5,6,7,10,11 and 12). Station 13, which is near
shore off Cedar Island, also consists of vis-fs. . In October, changes in sediment
textural groups have taken place, and Stations 3,5,6,7,12 and TO-1 and TO-2 cluster
into a Group II sediment type.



Medium sands to granule-sized sediment occupy most of the area of the open
harbor on the west side of the navigational channel (Group III). The coarsest sediments
{IV) occur to the south and west of Hammock Point. However, these coarse sediments
(1V) are mixed with muds, and some muds apparently accumulate in local patches (e.g.,
Station 4#). These areas are therefore designated as Group IV/L

In September 1981, all stations located on sediment Groups I and II in water
depth > 3 meters were in Stage I succession (Figure 3) . Habitat indices were
obtainable for Stations 1 (+5), 2 (+5), and 6 (+3). Al stations were aerobic and no
methane was observed, _

A well-developed eel grass bed is located at Station 14 and poorly developed
grass patches were observed on the photo transect. Bottom areas near Station 8 were
occupied by a dense aggregation of Crepidula fornicata.

The October 1981 faunal and habitat data is comparable to that of September
(Figure 4). By these data, the Zostera bed at Station 14 was defoliating with

concommitant erosion of the fine-grained sediments trapped between the grass roots.
The Group II and Il sands to the west of the approach channel showed evidence of
head-down deposit-feeders (sand cones at the sediment surface). These may represent
populations of maldanid polychaetes. These fecal cone structures were present in both
September and October.

BOTTOM STABILITY

Methods

The sediment-profile camera can provide useful data for estimating critical
bottom shear stress (74 ) and mean critical bottom shear velocity (G, ) approximations
in sandy (nhoncohesive) areas where no ground-truth grain size data are available and
. current-meter data are lacking. The photographs are inspected with a visual grain-
size comparator, as described earlier, and the range of grain-sizes is estimated along
with the major modal size.

The major modal size {in cm) is then "plugged" into a modified Shields curve
(Shields, 1936; Madsen and Grant, 1976), where the boundary Reynolds number (R,) is
replaced with a parameter S, which is a function of sediment and fluid properties
only:

5§ = g-v /(5-1) gd

*

(1)
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where

d = _grain meter {in cm)
2

kinetic viscosity (~10"° poise)

relative density of the particle (i.e., quartz = 2.65)

v

S

8
Knowing the sediment and fluid properties above, one can calculate S and from

i

acceleration due to gravity (980 em/ s9)

Figure 5, the critical value of dimensionless shear ¢ , the Shields parameter, can be

estimated. Wheres;

T
Q

o — 2
v (s-1) pgd (2)
and

T = bottom shear stress (in dynes/ em?)

= relative particle density (2.65 for quartz)
density of salt water (~1.08), fresh = 1.0 g/cc
= 930 cm/s2

= grain diameter (in cm)

Q 9| T (n O
n

Solving for T, One can then estimate the minimum bottom shear stress, and the
minimum critical shear velocity {u,) for initiating sediment motion, assuming a fully
developed flow over a flat bottom.* J. C. Harms (1969) illustrates (Figure 6) how the
values of the Shields parameter (9=y } might vary from the flat plate condition to low
and high energy ripple conditions. At our stations where ripples are present (see
Figures 7 and 3), a large range of 7, and u, is indicated. The combined wave and
current problem {Grant and Madsen, 1982) is much too complex for the limited data
available. Therefore, we will use the flat plate comparison as a conservative estimate
of the mean bottom shear stresses and critical shear velocities present.

To estimate potential depth-averaged velocities u in the field environment, a
Reynolds number can be estimated for the flow regime. Moreover, assuming that in a
tidal current we have fully developed turbulent flow, where u*ks/v>=70 (i.e., boundary
effects are transitional), we can estimate U in a logarithmic velocity distribution

where:

(l an Y o+ ) (3)

=l

As UE =/ 14/
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where

« = 0.4 {von Karman constant)
k. = grain diameter {in cm)

y = depthof water {in cm)

B, = 85 (constant)

(see Yalin, 1977). For example, for a water depth of 2 meters, typical of Clinton
Harbor outside of the channel, grain diameter of 250« (ms) and corresponding u, of
1.32 cm/s (calculated from Figure 5):

R R T

(2.5 x 8.9 + 8.5)1.32

Resuits u = 40.6 ca/s

Figures 7 and 8 illustrate the areas of Clinton Harbor dominated by the preSencé
of rippled bottom. In most cases, these ripples are asymmetric, suggesting they are
generated by unidirectional tidal flow. However, some have complex geometries,
presumably related to the interaction of tidal flow with the obitals of wind waves (see
Madsen and Grant, 1976; Grant and Madsen, 1982).

The area of unstable bottom (i.e., ripple fields) appears to increase in October
relative to September. The area of the harbor west of the channel, in the region
hetween Hammanasset Point and Cedar Island, as well as the area near Station 12 on
the east side of the channel, are particularly unstable.

Those rippled bottom areas located in regions of sediment Group I and {lI
(Figures 2A and 2B) have a range of predicted (Equation 3) minimum U's (2 meters of
water) from T = 36 cm/s (vfs) to § = 63 cm/s(vcs). These estimations are based on a
flat plate model with fully developed flow conditions and the absence of biological
binding of the sediments. Velocities and bottom shear valyes in the field may be much
greater (see Figure 6), especialiy where ripples are present (Harms, 1969; Grant, et al.,
1982; Grant and Madsen, 1982). Moreover, Bohlen (1982) concludes that resuspension
events in Long Island Sound are the result of these combined wave and tidal currents,
and waters less than 20 m depth in this region may commonly experience major

resuspension events three to five times per year.
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DISCUSSION

The information gained from the sediment profile photographs show that the
area of Clinton Harbor to be used for a DMCF consists mainly of medium to fine sands
that is subjected to strong tidal flow. It is important to bear in mind that the
additional effects of waves due to seasonal storms will augment the sediment
transport capacity of this mean tidal flow. This area of bottom is particularly
unstable, as is evidenced by the presence of rippled bed forms. However, another
consequence of the high input of physical energy to this area is that the habitat value
from a biological standpoint is relatively low. Biological data from the sediment
profile photographs show that the stations in the DMCF site where habitat indices
could be calculated (i.e., where there was adequate camera presentation) contain a
Stage 1 successional assemblage, lending support to the conclusion that this is an area
in a frequently disturbed physical regime. Such low order successional stages can
prove to be highly productive unless the frequency of disturbance is too high (Rhoads,
et al., 1978). |

When the data obtained from the benthic grab samples are incorporated, the
DMCF site is seen to be dominated by Streblospio benedicti and Tellina agilis in

moderate to low densities. Secondary production estimates for these species in the
highest densities found in this area are given in Table l. The estimated annual
production of approximately 10.5 gm'2 is relatively low compared with other Stage I
successional assemblages in.Long Island Sound. For example, the production at station
FOAM (14 meters depth) near the Thimble Islands is conservatively estimated to be ca.
77 g m-:2 yr-l. This production is contributed by Streblospiv benedicti, Capitella
capitata, and Ampelisca abdita (Rhoads, et al., 1978), With the low densities observed

in the Clinton Harbor area, it is felt that the impact on fish stocks using this area as a
food source would also be negligible.

The creation of additional marsh area as proposed could potentially increase the
biological habitat value of the harbor. Estimates of secondary production from a
typical New England salt marsh are given in Table 2. The additional marsh area would
also provide more spawning areas for fish populations as well as increase the amount
of spatial resources for salt marsh .invertebrates, juvenile fish, and birds. The
proposed containment of the DMCF by rip-rap construction would also provide a large
amount of surface area for the development of hard-substratum communities. This
would increase secondary marine production, providing a greater potential food supply
for commercial fish stocks in the Clinton Harbor area as well as a suitable habitat for
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TABLE 1
SECONDARY PRODUCTION ESTIMATES, CLINTON HARBOR DMCF SITE

' Peak Annual
Species Individual | Bfomass Producti
{Domfnants) Densi;ies Biomass 2 /s’ ra usz on

{m™) m (mg) {gm™ =)
Streblospie 2250 ca.0.1 mg 225 ~ 5 1.
henedict
Tellind 625 ca.5mg | N’ | ~3 9.4
agiiis z»10.5

*From Rhodes, McCail and Yingst, 1978, Disturbance and production on the
estyarine seafloor. Am Sci. 66: 577-586.

TABLE 2 |
SPARTINA MARSH SECONDARY PRODUCTION

Individual Estimated
- 2 X Age Bigmass P/B Annual
Species xm {Year) (mg}ca (Growth)
&) Producttan
Geukensia(ED Marsh edge - 700 5.6 ca.500 0.1 3% gm 5
demissa Marsh flat - 234 5.7 ca.500 6.1 12 gm ¢
(adult ‘ Short _gg!in_ 8.0 ca. 500 0.1 1.5 gm 1
population) zone
G. demissa Marsh edge - 100 2.0 ca. 25 1.1 2.8 gm
{juveniTe :
population)
G. demissa @ ~ 6 "Mature" ca.500 0.15 0.45
“{adyTt . .
population)
TIDAL CREEK SECONDARY PRODUCTION g:[
" Strebjospio 3916 0.1 6 ¢.3
enedict] 5 ®
TonTy
Total Species 3 5.4
{based on May-
June data) -
COMPARISON OF SECONDARY PRODUCTION
Existing production (Table 1) ~ 11 gm/mz/yr
Marsh mussel (ribbed) (above} 3 - 35 gn/m’/yr
Tidal Creek production {above) 6 gm/mzlyr

®

From data on Smith Cove, Barrington. Rhode Island, NSF proposal by Mark 0. Bertness. University
of Rhode Island.

From data on Sapelo Island, Georgia,Xuenzler, E.J., 1961, Structure and energy flow of a musse}
population in a Georgia salt marsh: L & 0, 6, 191-204,

Estimated from Warwick, R.M., 1980, Population dynamics and secondary production of benthos, In,
Marine Benthig Dynamics {Tenore & Coull, eds.), Belle Baruch Symposium #11, Univ.of South Caro'ina
Press, pp. 1-24

Data from Great Sippewissett Marsh, Falmouth, Cape Cod from Wiltse, W.I,, K.,H. Formena, J.M, Teal
and I, Valiela, in press, Role of predators and food resources in regulating the macrobenthos of
salt marsh craeks: Jour . Mar, Res.

From Rhoads, D.C., P.L. McCall and J.Y. Yingst, 1975, Disturbance and production on the estuarine
seafloor: Am. Sci., 66, 577-586.

Based on a mean P/B for cohorts one year old, From Warwick, R.M., 1980,
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commercially important invertebrate species {(e.g., crabs, lobsters, mussels). The
construction of the DMCF as proposed can only enhance the biological value of the
area. The greatest potential for enhanced secondary production would be related to

colonization of the rip-rap by the blue mussel Mytilus edulis. Production potential for
2

this species is very high and could reach values greater than 200 g m”~ yr'l (Barnes
and Green, 1971).

However, construction of the DMCF may significantly alter current patterns and
energy input to Clinton Harbor, and further studies are necessary to evaluate the full
impact of the DMCF on the remaining harbor ecosystem. The high amount of energy
being delivered to the proposed DMCF site in the form of tidal flow and wave energy
will obviously be diverted to another region in the harbor. Without further studieé, it
would be impossible to predict accurately which areas in the harbor would be altered;
for example, the mud areas to the east of the current channel could be scoured out and
the material deposited during flood tides where the Cedar Island marina exists (see
Figure 4-10, CEM report). Enhanced deposition of coarse-grained material in the
outer channel as a result of long-shore drift is also possible, as are any number of
other undesirable effects.

In view of possible changes in the total water energy regime-~due to wind waves
as well as tidal currents--wave refraction studies should be conducted. The wind wave
refraction study could be supplemented by concurrent sediment transport studies in
the area of Hammonasset Point. The southwestern corner of the proposed dike wall
would experience the same input of wave energy as Hammonasset Point; this would
allow accurate predictions to be made about how the construction of the DMCF will
affect the sediment budget of the area, particularly inside Clintoh Harbor.

The resulting change in current flow and other physical aspects of the environ-
ment could in turn affect the distribution of the benthos. We can make some gross
predictions about the fate of the existing successional seres after emplacement of the
DMCF. The facility could alter the biological structure of the harbor by shifting the
area of severe physical disturbance offshore, as wave and tidal energy will be
‘concentrated on the outer side of the rip-rap breakwater. These opportunistic
assemblages would probably cover a greater area than present after emplacement of
the DMCF, because the sands in front of Cedar Island are extremely poor dissipators
of wave energy.
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1.0 INTRODUCTION

This study was performed as part of a multidisciplinary investigation of the
environmental characteristics of Clinton (Connecticut) Harbor in connection with the
potential creation of a dredged material containment facility (DCMF), This section of

the final report includes studies undertaken by Taxon, Inc., in the following areas:
benthic macrofauna, finfish, shellfish, algae, marsh plants, and sediments. Additional
investigations were conducted by subcontractors and include: sediment-water inter-
face photography and habitat evaluation (Marine Surveys, Inc.), hydrodynamics (The
Center for the Environment and Man, Inc., and Ocean Surveys, Inc.), and marsh
creation feasibility (Environmental Concern, Inc.).

In any project, such as the proposed: DCMF at Clinton, involving removal or
deposition of hottom sediments over a large area, the benthic infauna are the most
directly impacted faunal group. Benthic organisms are non-motile with respect to the
spatial scope of most such projects, and are unable to avoid their effects. In addition,
most benthic species are closely dependent upon the nature of the bottom substratum
and can survive only within a discrete range of bottom types. Because such projects
usually involve changes in bottom sediments, they are capable of producing widespread
alterations in benthic community types.

The proposed project at Clinton would resuit in the elimination of the benthic
macrofaunal community from most of the disposal area and the establishment in its
place of various types of "marsh" habitats. The elimination of the macrobenthos may
be considered a negative impact and the creation of the marsh a positive impact. The
relative valuation of these two community types was addressed in Section II of this
report and the net impact to the Clinton Harbor area was determined to be positive
based upon increased habitat diversification and enhanced productivity. The present
condition of the area, which was used to develop that conclusion, is described in this
section of the report.

The benthic macrofaunal phase of this investigation was conducted to determine
the nature and extent of benthic macrofaunal communities in the proposed disposal
area and to evaluate the importance of the area for the Clinton Harbor ecosystem.
Most intensive sampling, therefore, was conducted within the proposed boundaries of
the disposal area. In order, however, to address the importance of the area as habitat
it was necessary to collect samples from other areas of the harbor. Additional
stations were established throughout the outer harbor area and beyond the harbor
boundaries. The pilacement of these stations was designed to allow determination of

the extent of bottom substiratum types and benthic communities similar to those



within the disposal area and to provide comparative data to evaluate the relative
importance of the area which would be eliminated from the harbor system should the
disposal project be undertaken. 7

In addition to the elimination of the invertebrate infauna from most of the area
within the proposed DCMF, algal populations in the intertidal zone, and any shellfish
resources in the filled area would also be eliminated. These two groups were the
subject of two specia.lA investigations conducted simultaneously with the infauna
sampling. In order to fully document conditions in the subject area, an inventory was
made of the plants species currently found in Hammonasset Marsh.

Finally, a series of f{infish collections was made to document the finfish
populations residing in the harbor. This included analysis of gut contents to allow the
evaluation of the effect of a reduction in quantity of available benthic invertebrates

on the various icthyofauna.



BENTHIC MACROFAUNA

20
2.1  Methods

Benthic macrofauna! sampling was conducted at Clinton Harbor on 2-3 Sep-
tember 1981, and 26-27 October 1981. In order to ensure comparability of station
locations, macrofaunal collections were made concurrently with the interface photo-
graphy. Station locations were determined by bearings on fixed landmarks using a
hand-bearing compass, ranges on landmarks, distance measurements using an optical
ranging device, and fathometer. A complete summary of the various procedures used
to locate each station is provided by station in Appendix B. All sampling was
conducted from a 35' boat with approximately 2' draft.

A 0.0‘*!’1‘12 modified Van Veen grab sampler was used to collect two replicate
samples at each of sixteen stations during both of the sampling periods. Station
locations are shown in Figure l. Approximately 50g of sediment was removed from
the surface of each sample for sediment grain-size analysis. The remainder of the
sample was sieved in the field through a 0.5mm mesh stainless-stee! sieve and fixed in
10% buffered seawater formalin. After 48 hours, samples were washed and preserved
in 70% isopropanol. Prior to sorting, samples were stained with Rose Bengal to
facilitate separation of the smaller macrofauna from residual sediment and detritus.

Sample processing was accomplished via a two-stage sorting procedure. Initial
separation of macrofauna from residue and classification into large taxonomic groups
was performed by technicians using stereomicroscopes. Final identifications were
determined by experienced taxonomists using stereomicroscopes and compound micro-
scopes, as necessary. Data were recorded on hand-written sheets and entered directly
into the Woods Hole Oceanographic Institution (WHOD Sigma 7 computer from a
remote terminal located at Taxon, Inc. Appendix C summarizes raw infaunal data.

Data processing and analysis were performed using a number of programs
developed at WHOI expressly for benthic data sets. The program PRARE! was used
for data summary and calculation of a number of diversity indices. The programs
PERSORT and SPSORT were used to reduce the data set, via elimination of rare
species, prior to classification analysis, which was subsequently performed via the
Bray-Curtis similarity measure and UPGMA sorting using the program SPSTCL.
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2.2 Results

2.2.1 Species Composition

A compiete list of all taxa collected during the study is presented in Table .
Within each large taxonomic group, species are arranged in approximate order based
upon their frequency of occurrence over both samplings. The list includes 145 taxa
with the dominant taxonomic group being the polychaetes (5% taxa), followed by the
amphipods (22 taxa), gastropods {19 taxa) and bivalves {17 taxa).

For the September sampling, the most widespread species of the 96 taxa

collected in the study area was the polychaete Streblospio benedicti which was present

at every station and was collected in 30 (94%) of the 32 samples. The bivalve Tellina
agilis was nearly as ubiquitous, occurring in 28 (383%) of the samples and being present
at 15 of the 16 stations. The remaining common species were not so widespread,
occurring in less than 75% of the samples, and included the polychaetes Glycera
americana, Tharyx acutus, Mediomastus ambiseta and Paracnis fulgens and the

Qligochaetes. The 33 most common species, those occurring in more than 10% of the
samples, are ranked in Table 2.

The October sampling included 111 species, a 16% increase over September. The
two dominant species were again Tellina and Streblospio with Tellina occurring in’
every sample and Streblospio occurring in 30 samples and being present at every
station. Although Tellina was slightly more widespread, Streblospio was generally

much more numerous. With the exception of Paraonis fulgens, all of the common

species noted above for the September sampling were again common in October. In

addition, the polychaetes Nephtys picta and Spiophanes bombyx were very widespread

in the study area in October. The 35 most common species, those occurring in more
than 20% of the samples, are ranked in Table 3. All raw data from the benthic
infaunal sampling are included in Appendix 2.

The pattern of species composition between the two sampling events is very
similar and is indicative of a degree of stability in the faunal communities occupying
the outer Clinton Harbor area. The ranking of the 30 most common species, as
determined by combining the data from both samplings, were tested via Spearman's
Coefficient of rank correlation and found to be significantly correlated at p (.0l (rS =
Sty df = 29).

The species list from the present study is considerably larger than the 63 species
collected in a similar survey in Clinton Harbor conducted in the fall of 1977 (McGrath,

et al., 1978). That survey was not as extensive as the present study, but did include



TAXONOMIC LISTING OF MACROBENTHIC INVERTEBRATES FROM
CLINTON HARBOR (CT), SEPTEMBER 1981 AND OCTOBER 1981

Bivalves

Tellina agilis

Mulinia lateralis

Gemma gemma

Nucula proxima

Ensis directus

Lyonsia hyalina

Yoldia limatula

Pandora gouldiana
Spisula sclidissima
Bivalvia unident.
Aequipecten irradians
Anadara transversa
Nucula delphinodonta
Thracia septentrionalis(?)
Tellina sp. :
Mya arenaria

Mytilus edulis

Amghigods

Unciola irrorata
Listriella barnardi
Ampelisca abdita
Trichophoxus epistomus
Paraphoxus spinosus
Melita nitida
Caprellidae
Protchaustorius deichmannae
Photis reinhardi
Ericthonius brasiliensis
Caprella penantis
Ampellsca agassizi
Acanthohaustorius millsi
Elasmopus levis

Aeginina longicornis
Unciola sp.

Unciola serrata
Monoculodes sp.

Jassa falcata

Amphipoda unident.

Amphithoe valida
Corophium bonelli

Gastrogods

Nassarius trivittatus
Crepidula fornicata
Ilyanassa obsoleta
Crepidula plana
Turbonilla sp.
Acteocina canaliculata
Edotea triloba
Mitrella lunata
Gastropoda unident,
Cylichna oryza
Crepidula convexa
Lacuna vincta
Odostomia bisuturalis
Crepidula sp. (juv.)
Bittium altermatum
Alvania areoclata
Corambella sp.
Odostomia sp.
Turbonilla elegantula

Crustacea

Pagurus longicarpus
Oxyurostylis smithi
Cytheridea americana
Cirripedia

Neopanope sayi
Qvalipes ocellatus
Crangon septemspinosa
Heteromysis formosa
Idotea balthica
Leptochelia savignyi

‘Upogebia affinis

Cylindroleberis marize
Hutchinsonella macracantha
Balanus improvisus
Idotea phosphorea
Sarsiella sp.

Pinnixa sp.

Cancer irrorutus
Leucon americanus
Chiridotea tuftsi
Neomysis americana
Palaemonetes vulgaris
Hippelyte zostericola




TABLE 1 (Continued)

Annellda

Streblosplo benedicti

Tharyx acutus
Glycera americana
Mediomastus ambiseta
Oligochaeta
Spilophanes bombyx
Nephtys picta
Scoloples acutus
Syllinae/Eusyllinae
Paraonis fulgens
Aricidea sp.
Polygordius spp.
Anaitides spp.
Pectinaria gouldii
Exogone sp.
Asabellides oculata
Nephtys iIncisa
Scolecolepides viridis
Eumida sanguinea
Polydora socialis
Clymenella torquata

~ Capitella capiltata
Eteone heteropoda
Lumbrineris sp.
Magelona rosea
Nereis sp.

Sabellaria vulgaris
Harmothoe imbricata
Lepidonotus squamatus
Polydora ligni
Hydroides dianthus
Maldanidae unident.
Dorvilleidae unident.
Cossura longocirrata
Anaitides arenae
Scoloplos squamata
Phyllodocidae unident.
Polychaeta unident.
Schistomeringos caecus
Nereis zonata
Scoloplos robustus
Paranaitis speciosa

Spiochaetopterus oculatus

Spio filicornis
Nereis grayi
Polycirrus sp.
Pista palmata
BEulalia virdddis
Drileonereis longa

(Annelida cont.)

Nereis arenacecdonta
Sigambra tentaculata
Owenla fusiformis
Glycera sp.

Polydora sp.

Glycera dibranchiata
Polydora commensalis

Misc.

Tubulanus pellucidus
Nemertea unident.
Turbellaria
Phoronida

Euplana gracilis
Holothuroidea
Ophiuroidea




TABLE 2

33 MOST COMMON SPECIES (OCCURRING IN GREATER THAN 10%
OF ALL SAMPLES) - SEPTEMBER 1931

Species/Taxa

Streblospio benedicri
Tellina agilis
Glycera americana
Tharyx acutus
Mediomastus ambiseta
Oligochaeta

Paraonis fulgens
Mulinia lateralis
Scoloplos acutus
Spiophanes bombyx
Gemma gemma
Aricidea sp.
Syllinae/Eusyllinae
Clymenella torquata
Ampelisca abdita
¥Nephtys incisa
Pagurus longicarpus
Polygordius spp.
Listriella barnardi
Nemertea

Ensis directus
Exogone sp.
Nassarius trivictatus
Scolecolepides viridis
Eumida sanguinea
Tubulanus pellucidus
Nucula proxima
Corophium bonelli
Ilyanassa obsoleta
Lumbrineris sp.
Pectinaria gouldii
Oxyurostylis smithi
Capitella capitata

No. Samples

30
28
24
23
23
20
16
14
14
13
12
10
10
8

S eEPRBMUULALAR L NS~ 000

Percent

93.8
87.3
75.0
71.9
71.9
62.5
50.0
43.8
43.8
40.6
37.5
31.2
3l.2
25.0
25.0
25.0
21.9
21.9
18.8
18.8
15.6
15.6
15.6
15.6
15.6
15.6
12.5
12.5
12.5
12.5
12:5
12.5
12.5




TABLE 3

34 MOST COMMON SPECIES (OCCURRING IN GREATER THAN 20%

OF ALL SAMPLES) - OCTOBER 1981

Species/Taxa

Tellina agilis
Streblosplo benedicti
Nephtys pilcta

Tharyx acutus

Glycera americana
Mediomastus ambiseta
Spiophanes bowbyx
Oligochaeta
Syllinae/Eusyllinae
Mulinia lateralis
Tubulanus pellucidus
Scoloplos acutus
Anaitides sp.

Pagurus longicarpus
Gemma gemma
Cytheridea americana
Aricidea sp.
Nassarius trivittatus
Unciola irrorata
Pectinaria gouldii
Asabellides oculata
Oxyurostylis smithi
Crepidula fornicata
Cirripedia

Paraonis fulgens
Ilyanassa obsoleta
Exocgone sp.
Polygordius spp.
Nemertea

Turbonilla sp.

Eteone heteropoda
Acteocina canaliculata
Crepidula plana
Polydora socialis
Seolecolepides viridis

Ho. Samples

32
30
29
28
27
26
23
20
20
19
16
16
14
14
12
12
12
12
12
11
11
11
11
11
10

~ sl =~~~ 00 WO WD D

"Percent

100.0
93.8
90.6
87.5
84 .4
81.2
71.9
62.5
62.5
59.4
50.0
50.0
43.8
43.8
37.5
37.5
37.5
37.5
37.5
34.4
34.4
.4
34.4
4.4
31.2
28.1
28.1
28.1
25.0
21.9
21.9
21.9
21.9
21.9
21.9




stations in the inner harbor which represents a habitat type not sampled during the
1981 program. On that basis, the present species list does appear to indicate that the
resident fauna were more diverse in 1981 than in 1977,

A survey of the Clinton Harbor system in 1975 (Pellegrino and Baker, 1975)
collected only 30 species but those data are not strictly comparable to the present
study due to differences in methods and personnel, both of which can alter the number

of species reported.

2.2.2 Species Richness

Species richness, calculated as mean number of species per O.t.wm2 grab, is
presented in Figure 2 for the September sampling and Figure 3 for October,

In September, richness varied from a low of 7 species/O.Ot’ﬂ'ﬁ2 at Station 2 to a
maximum of 32.5 species/().ol\tm2 at Station 14. More typical values ranges from 10-15
species, a range which included most of the stations located within the proposed
container dispoéal area. The abnormally high value recorded from Station 14 reflects
the fact that this was the only area sampled which supported an eel-grass bed,
commonly known to be an extremely productive estuarine community type. High
species richness was also recorded at Station 8, which was the only station sampled

which had a shell and gravel substratum characterized by a dense Crepidula fornicata

population.

In October, species richness at all stations was greater than in September.
Station 2 was again the lowest with 14 species/O.(’Jl!;m2 and Station 14 again had the
highest richness at 33.5 species. The general range of richness at most stations was
increased by over ten species and was about 20-30 species/0.0#mz. As before, this

range included most of the stations within the proposed disposal area.

2.2.3 Faunal Density
Faunal densities, calculated as mean number of individuals/m2 are presented in

Figure 4 for the September sampling and Figure 5 for October. These numbers should
not be combined directly with those presented earlier for species richness because the
species richness values were not normalized to square meter area.

The pattern of faunal densities is somewhat more complicated than that
described above for species richness. In September, highest densities were found at
Station 14, with 19,462 '1ndividuals/m2 while Station 15 was least dense with only 1,050
individuals/mz. Most stations had densities in the range of 3,000 to 10,000
individuals/m2 with most stations in the disposal area having densities toward the

lower end of this range.

10
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By October, densities had increased at most stations, in some cases by nearly an
order of magnitude. Greater densities were found at Station 5, with 24,775
individluals/m2 while Station 15 was again the least densely populated at 2,488
individuals/mz. Station 14, which had the highest densities in September showed a
slight decrease to l?,?OO/mz. Overall, 14 of the 16 stations had an increase in faunal
dehsity between September and October. -

2.2.4 Diversity
Shannon-Wiener diversity values (H') are shown in Figure 5a for the September

sampling and Figure 5b for October. September diversities were highly variable,
ranging from a low of 0.71 at Station 3 to 3.43 at Station 15. Diversities within the
proposed disposal area had higher diversity than the remainder of the harbor (X = 2.63
vs, 1.94),

Qctober diversities were much more uniform and varied from a low of 1.32 at
Station 6 to 3.18 at Station 16. Although those stations within the disposal area again
had higher mean diversity (x = 2.70 vs. 2.44), the difference was much less than that

seen in September,

These diversity values are generally higher than those recorded from nearby
harbors with greater anthropogenic impacts. In a recent study of Black Rock Harbor
and Bridgeport Harbor using similar methodology (McGrath, 1981), diversities in many
areas were found to be less than [.00 and many stations were azoic at 0.5 mm. Such
low diversities, indicating severe stresses, were not approached at Clinton, except at a
few stations where elevated populations of a single species produced artificially
depressed diversities due to decreased evenness.

Diversities at Clinton were also greater than those typically recorded from a
very extensive study of New Haven Harbor (Hartzband, et al., 1979) in which diversity
values greater than 2.00 were unusual, even at stations considered to be "controis."
Again, this difference is largely attributable to the relative lack of pollution-related

impacts at Clinton.

2.2.5 Community Classification

The results of the normal, or Q-mode, classification analysis for the September
sampling are presented in the form of a hierarchical dendrogram in Figure 6. In most
cases, the two replicates from each station grouped together and it is possible to
discern four site groups from the dendrogram.

The first, and most cohesive, group is at the bottom of the dendrogram and
includes the offshore Stations (1, 2, 3, 4) lying outside of the harbor proper.
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A second group included those samples between 1B and 5B in Figure 6. This
cluster, termed Group 2, was defined as Stations 5, 6, 7, & and 14, As may be seen
from Figure 7, these are located along the channel at the outer boundary of the
proposed disposal area, except for Station 14 which is at the boundary of the inner and
outer harbors. A third cluster, Group 3, occurs in the dendrogram immediately above
this group and contains Stations 9 and 10. As indicated in Figure 7, these occupy the
intertidal or shallow subtidal region of the disposal area.

The final cluster includes samples between 10A and 15A at the top of the
dendrogram. Incorporating the data on station location and the complete species lists,
this cluster (Group 4) was defined as Stations 11, 13, 15 and {6. These generally
. occupy the subtidal bottom of the proposed disposal area.

In order to investigate further the faunistic associations which characerize each
of these station clusters, an inverse, or R-mode, analysis was run on the same data
matrix. The results are shown as a hierarchical dendrogram in Figure 38 and the
discernable species groups are listed in Table 4. As is often the case in an R-mode
analysis, the species groups are less well-defined than in the Q-mode analysis of the
same matrix, and the interpretation of the dendrogram is necessarily more subjective.

The two dendrograms were combined in a nodal analysis by calculating the
percentage of occurrences for each species group within each station group. For
example, the intersection of a seven-member species group with a five-member
station group would have 35 possible occurrences, if each species were present at each
station. If the total number of occurrences were, in fact, 30 of 35, the score at that
intersection (node) would be 85.7%. Nodes with elevated values indicate that a species
group is associated with a particular station group. The nodal analysis for the
September sampling is presented in Figure 9.

Station group |1, including the deeper offshore stations, was characterized
primarily by species group II (66.7%) and, to a lesser extent, group I (38.1%). These
two groups include many species which are characteristic of soft mud bottoms in Long

Island Sound and include Nucula proxima and Nephtys incisa, the classic Nucula-

Nephtys assemblage described by Sanders (1960).
Species group II, comprising only Nephtys and the mud snail Nassarius trivittatus

was common only at station group ! but species group I was also found at station group
2, the deeper stations in the outer harbor area. This station group included most of
the species groups to some extent but was primarily characterized by species groups I,
IIT and V.
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TABLE 4

SPECIES GROUPS IDENTIFIED FROM INVERSE CLASSIFICATION

ANALYSIS, SEPTEMBER DATA

Group I

Nucula proxima
Ampelisca abdita
Ensis directus
Tubulanus pellucidus
Pagurus longicarpus
Mulinia lateralis
Mediomastus ambiseta

GrouE v

Oxyurostylis smithi
Scoloplos acutus
Paraonis fulgens
Scolecolepides virdidis
Listriella barnardi

Group II

Nassarius trivittatus
Nephtys incisa

Group V

‘Group IIT

Polygordius spp.
Aricidea sp.
Syllinae/Eusyllinae
Gemma gemma
Nemertea

Spiophanes bombyx
Tellina agilis
Glycera americana

‘Streblospio benedicti

Tharyx acutus
Capitella capitata

Corophium bonelli
Oligochaeta

Exogone sp.
Lumbrineris sp.
Clymenella torquata

Pectinaria gouldi
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Figure 9. Results of nodal analysis for September data. Results are expressed as
percent of possible occurrences at each station group/species group
intersection. For composition of groups, see text.
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Station group 3 comprised Stations 9 and 10 and is believed to be representative
of the lower intertidal and shallow subtidal areas of the proposed disposal site. The
communities in this area were characterized by a high level of occurrence of species
from species groups III and IV. Species group III was widespread throughout the cuter
harbor area and included most of the species described eariier as dominants: Tellina,
Streblospio, Glycera, Tharyx, etc.

Species group IV appeared to contain species which were found primarily in the
shallow subtidal and were present primarily at station group 3. These included the
polychaetes Paraonis and Scoloplos, and the amphipod Listriella.

Most of the proposed disposal area was contained within station group 4 which
inciuded Stations 11, 12, 13, 15 and [6. These stations form a contiguous broad band
between the outer zone of station group 2 and the inner zone of station group 3. This
area contained primarily species from species groups III and IV, but group IV was
considerably less common here than at the more inshore stations.

In summary, the September sampling indicated four basic faunal provinces within
the study area. One of these occupied the deeper offshore muds beyond the harbor
proper and was occupied by a "typical" Long Island Sound soft-bottom community. A
second area, comprising the shailow subtidal zone of the proposed disposal area was
occupied by a community wholly different from that found offshore; species which
were common at one location tended to be absent from the other. The majority of the
disposal area was occupied by a community which was very closely related to that seen
in the shallow subtidal but which also contained species generally not seen further
inshore. Finally, the deeper areas of the outer harbor contained a community which
comprised components of the other three community types.

The results of the classification analysis of the October data were, with some
exceptions, generally comparable with the results from September. The results of the
normal classification are presented as a hierarchical dendrogram in Figure 10 and the
resuitant clusters are plotted in Figure 11. The station clusters derived from this
“analysis were generally more distinct than those seen from September and some
stations (e.g., 8 and 12) did not group with any cluster.

Again, four basic station groupings were discernable from the dendrogram. The
first of these, incorporating those samples between 3A and 4A (see Figure 10} is
analogous to station group | from the September sampling and includes offshore
stations 2, 3 and 4. Station | was not included in this offshore group in the October
sampling.
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Station group 2, again analogous to group 2 in September, included samples
between 5B and 11B at the bottom of the dendrogram. Stations included in this group
were 5, 6 and 7. This is similar to the composition of group 2 from September with the
exception of Stations & and 4.

Station group 3, comprising the area of the dendrogram between samples 10A
and 13B, included stations 9, 10, 11, 13 and 14 and occupied the intertidal and shaliow
subtidal area of the disposal site. This distribution is generally similar to that of group
3 from September with the inclusion of stations 13 and 14.

Finally, the central area of the proposed disposal site is occupied by station
group 4 which includes stations 15 and 16. Although noticeably reduced in extent as
compared with the September results, this group occupies the same general area as the
earlier group 4. In addition, group 4 in October included station 1, which had
previously been clustered with group 1. The anomalous clustering of station | appears
to be due to sediment, in that the sediment at this station in October was unusually
coarse; this may indicate the presence of small-scale sediment patchiness in this area.

The October data matrix was also analyzed in R-mode and the results are
presented as a dendrogram in Figure 12. The dendrogram produced six very weak
clusters and the component species of these are listed in Table 5. The two
dendrograms from October were combined in a nodal analysis as shoewn in Figure 13 in -
order to investigate the spatial distribution of the species groups. The reason for the
weak clustering was immediately apparent: most of the species groups were found to
occur in more than one station group.

Station group 1, comprising the soft ofishore sediments, was characterized by
the presence of species group IV and V and the pronounced absence of the species
group I. This is generally consistent with the September results since group V contains

many of the components of group I from September (i.e., Mulinia lateralis, Nucula

proxima, Tubulanus pellucidus). Group IV, however, is similar to group Il from

September, and comprises species which were generally absent from this area during
the first survey. It appears that a shift toward coarser sediments in this area may be
responsible for this result,

Station group 2, in the deeper central area of the harbor, again demonstrated no
strong affinity for one particular species group but rather contained most of the
species groups at a high level of occurrence. The most characteristic species group in
this area, group IV, was present in all areas of the harber in October, and included
many of the species identified earlier as dominants.
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TABLE 5

SPECIES GROUPS IDENTIFIED FROM INVERSE CLASSIFICATION

ANALYSIS, OCTOBER DATA

GrouE I

Crepidula fornicata
Crepidula plana
Nassarius trivittatus
Pagurus longicarpus
Polydora socilalils
Nemertea

Group IV

Aricidea sp.
Spiophanes bombyx
Tellina agilis
Nephtys picta
Tharyx acutus
Polygordius spp.

Group II

Uneiola irrorata
Pectinaria gouldii
Asabellides oculata

Group V

Mulinia lateralis
Tubulanus pellucidus
Nucwla proxima
Acteocina cangliculata

Group ITI

Cirripedia
Turbonilla sp.
Anaitides sp.

Group VI

Syllinae/Eusyllinae
Gemma gemma

Exogone sp.
Oligochaeta

Eteore heterppoda
Scoloplos acutus
Glycera americana
Streblospio benedicti
Mediomastus ambisata
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Figure 13.  Results of nodal analysis for October data. Results are expressed as
percent _of possible occurrences at each station group/species group
intersection. For composition of groups, see text.
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Station group 3, along the shoreline of the proposed disposal area, also included
all of the species groups in at least moderate abundance, but with relative occurrences
that were different from group 2. Species groups which were very abundant at groups
1 and 2 were markedly less common here, particularly species group IV, which was
characteristic of the offshore muds. In contrast, species group VI, which was present
in only moderate abundance at the earliest areas, was very common inshore. This
group was very similar to group III in September which was also most common at these
shallow inshore stations. .

The final station group, group %, occupies the central area of the disposal site
and is characterized by high percentages of occurrence of species group III and
moderately high occurrence of group VI. In this respect, these stations are inter-
mediate between the inshore and offshore areas in faunal composition as well as
location,

In summary, due to the generally increased species richness and faunal density in
October, it was more difficult to arrive at a clear correspondence between station
groups and species groups. The pattern of station groups was very similar to that seen
in September: an offshore group of stations, a shallow subtidal group occupying the
extreme inshore area of the disposal site, a third station cluster located in the central
area of the disposal site, and a group of stations occupying the deepest area of the
harbor. Although some individual stations, particularly those at the group boundaries,
changed groups between samplings, the general pattern is consistent.

The great increase in species from September to October complicated the
difficulty of establishing correspondence between species groups from the first
sampling with groups from the second. In each case, however, it was possible to
identify one group as characteristic of each of the first three station clusters.
Although individual species changed groups between samplings, the overall pattern was
consistent. Thus, species group 1 in September and group IV in October were most
common at the offshore station group and include the characteristic soft-bottom
species Mulinia, Nucula and Tubulanus. Group VI in October was extremely common at

the shallow stations along the shoreline of the disposal area; this species group
included many of the components of groups III and IV in September

(Syllinae/Eusyllinae, Gemma gemma, Oligochaeta, etc.) which were also characteristic

of this area in September.
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Group 4, occupying the middle of the disposal area was characterized by species
group IIl in September and group IV in October. Both of these groups contain Aricidea,
Spiophanes, Tellina and Tharyx, indicating a high degree of consistency between the

two surveys. Station group 2, in the deeper areas of the harbors, contained

components of several species groups during both sampling periods.

2.2.6 Sediments
Summary sediment statistics for the September and October samplings are

presented in Tables 6 and 7. Sediments during the September sampling ranged from
soft silt-clay facies (e.g., Stations 2 and %) to coarse gravelly sands (e.g., Stations 15
and 16). One of the more important properties of a sediment in terms of the types of
infaunal populations it is capable of supporting is the silt-clay content. The
percentage of silt-clay throughout the harbor is shown in Figure 14, Four sediment
classes were arbitrarily selected based on what appeared to be natural discontinuities
in the data.

The offshore stations, including Stations 1, 2 and 4 had sediments containing
more than 40% silt-clay. Immediately inshore of this there was an area of elevated
silt-clay (10-40%) occupying the deeper central area of the outer harbor and including
Station 14 near the inner harbor boundary. Most of the shallower areas of the outer
harbor, and virtually all of the proposed disposal area, had sandy sediments with less
than 5% silt-clay. Only three stations, along the northern and southern boundaries of
the disposal area, fell in the 5-10% siit-clay categoery. '

During October, sediments from nearly every station were coarser than in
September and contained less silt-clay. This was true both in the shallow and deep
areas of the harbor and for the offshore mud strata. The percent of silt-clay is shown
in Figure 15, using the same categories developed for Figure 14, Only Station 4 had
more than 40% siit-clay; Station 2, which previously had elevated silt-clay (83.5%) was
reduced to only 31.7% and sediment at Station } (56.5% silt-clay in September) had
changed to a medium sand strata with only 4.8% silt-clay. Sediments with less than
3% silt-clay were more widely distributed in October, and most areas of the outer
harbor were in this category.

Observations of sediment ripple patterns and calculations of minimum shear
velocities presented in Section II of this report indicate significant sediment instability
in the harbor and the tidal velocities described in Section I are at or near the
magnitudes necessary for large-scale sediment transport. It is not surprising, then,
that widespread sediment changes occurred between the two samplings and presumably

such changes are a natural part of the Clinton Harbor ecosystem.
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TABLE 6

SEDIMENT GRAIN-SIZE PARAMETERS

SEPTEMBER SAMPLING

Station-Replicate

10-A
10-8
11-a
11-B
12-4
12-8
13-4
13-8
14-4
14~B
15-4
15-8
16-A
16-B

Median (mm)

.039
.043
012
.020
148
.148
013
019
.195
.189
.095
.103
.083
077
.370
.226
164
.180
130
.199
186
195
193
.190
168
.166
.098
.068
,240
.252
. 308
.301

2 Silt-Clay

57.2
56.1
93.3
74.4
18.0
21.2
91.2
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TABLE 7

SEDIMENT GRAIN-SIZE PARAMETERS
OCTOBER SAMPLING

Station-Replicate Median (mm) % 8ilt-Clay
1-A 170 5.8
1-3 .250 3.9
2-A .037 58.6
2-8 244 4.9
3-A .150 10.6
3-B sample not taken ———
G5 016 , 80.5
4-B .004 74.5
S=A .191 6.3
5-B 194 3.5
B-A 164 3.1
6-B 152 12.5
T7=A .118 4.0
7-B8 .132 3.5
8-A .295 11.3
8~-3 2408 11.2
9=4 ' .141 24,1
9-8 .255 12.2

10-A 954 1.0
10-B 711 1.7
11-A .991 1.9
11-B 2.153 )
12-4A .194 1.4
12-8 194 1.7
13-A .179 4,1
13-B .182 4.5
l4=-A .105 18.8
14-B .093 25.8
15-A .212 1.4
15-8 .185 1.4
16-4a .330 1.6

1.2

16-B .332

34




\ 35.5
|
!
s
-/
< s
< s
Ve
2.0
CLINTON . HARBOR
2.0 ' Ll
2.0 [
H k
26.5 30.0 ammoch
L
84.5
West Rock
7.5
83.5 20.0
56.5 (
Figure 14. Sediment percent silt-clay, September sampling.

35



- AR
~— .__\ ~
N 223
!
l
. !
Vi
. /
s
s
-y
15
I
CLINTON / i HARBOR
1.4 T
1.8 ! /
1.4 I :
7.8 / I/ 4.7 Hammo;i;:
77.5
...’West Rock4
31.7 10.6
4.8

Figure 15. Sediment percent silt-clay, October sampling.

36



The overall effect of the changes in sediment type between September and
October was to reduce differences in sediment between the various stations in the
study area. This produced species lists with considerably more overlap than had been

the case with the September data.

2.3 Discussion and Conclusions
Two previous studies have been conducted on benthic macrofauna in the Clinton

Harbor area. The first of these (Pellegrino and Baker, 1975) was concentrated in the
inner harbor and in the vicinity of our Station l4. The resuits of that work, therefore,
have limited application in the investigation of conditions in the outer harbor. In
addition, Pellegrino and Baker used a l.0mm sieve and it is not possible‘ to compare
their data with ours which were developed with a 0.5mm sieve.

Some of the difficulties involved in comparing the Pellegrino and Baker study
with the present data may be seen in the differences between some of the summary
parameters. For example, Pellegrino and Baker identified a tota! of 30 species of
invertebrates while we found 145, This discrebancy is due to the sieve size difference
noted above, the variety of habitats sampled and, we believe, the level of taxonomic
expertise. In some cases, particularly in the October samples, we identified more than
30 species at a single station.

As would be expected from the difference in sieve size, our data indicate a much
higher faunal density than that reported by Pellegrino and Baker. They reported a
mean number of individuals per m2 of 293.4 while for the present study this parameter
was 4,833 for the September sampling and 13,165 for the October sampling.

A previous study of Clinton Harbor using techniques identical with those in the
present survey and incorporating stations in the outer harbor was conducted by Taxon,
Inc., in 1977 (McGrath, et al.,, 1978). That study included two stations within the
proposed disposal area, two stations in the vicinity of the present Stations 6 and 2,
respectively, and one station at the site of the present Station l4. In addition,
sampling was conducted at the same time of year.

McGrath, et al., reported a total of 68 species from the 1977 survey, far short of
the 145 species collected in the present study. Some of this difference may be
attributed to the greater intensity of sampling in [98]1 and to the placement of
stations in habitat types that were not sampled in 1977, Comparison between the two
surveys was much closer for faunal density with overall mean densities of 6,748/m2 in
October and 6,094/m2 in November vs. the 4,833/m2 (September) and 13,165/m2

{October) in the present survey.
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The dominant species in the harbor in 1977 were identified as Streblospio

benedicti, Oligochaeta, Tharyx acutus, Scoloplos fragilis, Tellina agilis, Eusyllis sp. and

llyanassa obsoleta. All these species were again common in the present study, except

that the Scoloplos in the present study was identified as 3. acutus rather than S.
fragilis. We do not know if this is due to misidentification of specimens from the
earlier study or is a real change from one species to another within this genus,
although the former explanation appears more likely based on the overall similarity
between results from the two studies.

The only major discrepancy between the macrofaunal communities described
from 1977 and those reported from the present study involves the distribution of the

common polychaete Streblospio benedecti. In 1977, three community types were

described, two of which were based on the presence or absence of this species. The
area of the proposed disposal project was described as being characterized by Jow
densities or total absence of Streblospio. For the 1981 data, Streblospio is one of the
characteristic species found in this habitat. Without additional data from the period
between the two samplings, it is impossible to speculate on the reasons for this
apparently anomalous change in the distribution of Streblospio but it does not change
any of the conclusions in regard to the egological value of the proposed disposal area.
The benthic macrofauna in a number of other Connecticut harbors have been the

subject of extensive investigations in recent years. Most recently, Taxon, Inc.,

participated in a study of the benthos of Bridgeport Harbor and Black Rock Harbor |

(McGrath, 1981) and New Haven Harbor has been studied in conjunction with the
operation of a steam-electric generating station (Hartzband, et al., 1979). These
harbors differ from Clinton primarily in the amount of anthropogenic impact they
receive and the subsequent environmental degradation provides a useful index against
which the conditions in Clinton may be evaluated.

Black Rock Harbor is characterized by an inner harbor area of heavily contami-
nated silt-clay substratum and an outer harbor of poorly-sorted mud, shell and sand
(McGrath, [981). Faunal communities in the inner harbor are, when present,
dominated by the classic opportunist polychaete Capitella capitata. This type of

situation was never found at Clinton and this level of degradation is clearly absent
from the Clinton Harbor system. Capitella does occur in the harbor, but never as a
dominant. This may not be strictly correct in some areas of the inner harbor for the
warmest periods of the year, but even then it would be a normal situation rather than

one caused by human activity.
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Quter Black Rock Harbor generally supported communities which had greater
species richness and faunal density than outer harbor stations at Clinton. This may be
due to two factors, sediment type and season. Outer Black Rock Harbor has a shelly
sandy mud bottom which can be extremely productive due to the variety of micro-
habitats it affords. This type of substratum is generally not found in the outer harbor
at Clinton. Also, the Black Rock survey was done in April and August and may not be
strictly comparable with the September and October data from Clinton.

A similar situation to that described above for Black Rock Harbor was also found
to exist in Bridgeport Harbor {(McGrath, 1981). Azoic or impoverished communities
inhabiting inner harbor muds grade into very rich and diverse communities in the
coarser sediments of the outer harbdr. As at Black Rock Harbor, these outer harbor
communities were found to be more diverse and dense than those at Clinton.

New Haven Harbor, which has been studied far more extensively than any other
harbor on Long [sland Sound, appears to be considerably more severely impacted than
both Bridgeport Harbor and Black Rock Harbor. In a summary of over five years of
data, Hartzband, et al. (1979) reported species richness and faunal density in most
areas of both inner and outer New Haven Harbor at values well below those from
Bridgeport, Black Rock, and Clinton.

This pattern of community parameters indicates that Clinton Harbor appears to
be a relatively unimpacted and well-balanced estuarine ecosystem. No evidence was
found to indicate changes in natural communities due to human activity and there was
generally very little evidence of stress due to natural conditions. The comparatively
low richness and density at some outer harbor stations is evidently related to natural
conditions such as sediment type or exposure.

In the proposed disposal area at Clinton Harbor, the resident faunal community
appears to be normal, well-balanced, and typical of many northeast estuaries with
similar sedimentary and hydrographic regimes. Species such as Tellina agilis and

Streblospio benedicti, the most characteristic species at Clinton, are reported from

many areas and form the basis of what may be considered the normal muddy-sand
community. '

As may be seen from the finfish section of this report, these benthic inverte-
brates are a valuable food source for the bottomn-feeding fishes, primarily winter
flounder. Although these and similar invertebrate species are found in many other
areas, the removal of this area from the Clinton Harbor system will unquestionably
result in a decrease in available food for the resident bottom-feeding fishes. It is
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important to note in this regard that the boundaries of the proposed disposal area
coincide with the boundaries of this particular community and thus, f{illing of this area
would delete one entire habitat type from the harbor. There is, however, nothing to
indicate that this area i§ unique in the sense that the habitat type or any of the
resident species are found nowhere else. As noted previously, the area is a common

habitat-type inhabited by common species.
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3.0 SHELLFISH

3.1 Methods

Shellfish samples were collected from the proposed container disposal area in
outer Clinton Harbor on 19 and 20 August 1981. All sampling was done within
approximately one hour before and after low water, at which time there was
approximately 0.5m of water over most of the study area.

2 area) metal cylinder into the

Samples were taken by driving a large (0.25m
substratum and removing the underlying water by bucket. This made it possible to
remove bottom sediment from the cylinder to a depth of approximately one foot. All
sediment was passed through a 0.25 inch mesh sieve as it was excavated. Four such
samples were taken per station to provide a total area sampled of I.Cvm2 at each
station. Five stations, shown in Figure 16, were sampled.

In addition to the quantitative samples described above, a qualitative survey was
made of the intertidal zone in the vicinity of Hammonasset State Park. This

comprised a visual survey of a localized oyster {Crassostrea virginica) population

which was noted during the collection of beach seines, and some attempts to locate a
softshell clam {Mya arenaria} population which had been reported from the area. This
survey was confined to the area indicated in Figure 16; conditions in the intertidal
zone further north along the shoreline (clean sand beaches and "peat" deposits) were

judged to be incapabie of supporting significant populations of edible shellfish.

3.2 Results and Discussion

No shellfish were found in any of the subtidal shellfish samples. We believe that

some hard clam (Mercenaria mercenaria) and bay scailop (Aequipecten irradians)

populations exist in this area but they are either too localized or too sparse to be of
possible commercial importance. They may have some value as a recreational
resource based upon the results of an informal interview we conducted with one
individual who was observed clamming in the area. He indicated that clamming (for
Mercenaria) was "good" throughout the shallower zone in the disposal area and that he
fished the area frequently., When asked for some more quantitative measure of his
catch per unit effort he estimated a catch of 4-5 aduit quahogs per tide or about one
clam per hour. A rate of one clam pe hour for an apparently experienced recreational
clammer would probably not be considered good in many areas.

Based upon the resuits of our quantitative survey and the information described
above, the proposed disposal area does not appear to support subtidal shellfish
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populations in expioitabie densities. In the intertidal area just north of the smail tidal
creek draining Hammonasset State Park (see Figure 16) we located a small but
moderately dense population of oysters (Crossostrea). These were distributed over a
mud/shell/gravel bottom extending a few hundred meters north of the creek mouth.
Although the density of this population appeared sufficient to support at least
recreational harvesting, the small amount of suitable substratum in the area limits the
overall value of this resource.

Finally, the clammer discussed above mentioned the presence of a population of
soft-shell clams (Mya) in the area of oyster population. In order to investigate this
possibility, we sampled a series of approximately 1m2 quadrats along the shoreline, at
various tidal elevations. After excavating several square meters in this manner, we
had collected only two aduit Mya. Based upon these results, the area does not appear
to support harvestable populations of this species.

In summary, four species of commercially valuable molluscs are known to inhabit

the proposed disposal area: hard clams, or quahogs (Mercenaria mercenaria), bay

scallops (Aequipecten irradians), American oyster (Crassostrea virginica) and the soft-

shell clam (Mya arenaria). None of these, however, appears to support a commercial,

or anything beyond a very casual recreational, fishery.
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4.0 FINFISH

4.1 Methods

Finfish collections were conducted on August 18 and 19 at the six beach seine
(S1-S6) and six trawl stations (T1-T6) shown in Figure 17. Due to the extremely soft
substratum in the inner harbor, it was not possibie to use a beach seine on the inside of
Cedar island. As an alternative, a sampling station was located at the tip of the island
where the substratum consisted of hard sand.

Two different sampling methods were employed to collect finfish from Clinton
Harbor. A beach seine was used to collect fishes from the edge of the shoreline out to
a depth of 2m. Sampling in areas deeper than 2m was conducted using an otter trawl.

Beach seine collections were made using a 17m x 2m seine with a one-quarter
inch mesh, The seine was deployed perpendicular to the shoreline and walked
approximately 150 feet parallel to the beach at each station, after which it was
pivoted and pulled ashore. Specimens were removed from the net, placed in muslin
bags, and immediately fixed in a 10% formalin solution.

Traw! collections were conducted using an otter trawl of 15 feet width and one
inch mesh with a one-quarter inch mesh cod end liner. At each station the net was
towed approximately 15 minutes at a speed of two knots for a total tow of
approximately 0.5 nautical miles, Fishes collected were handled similarly to the beach
seine samples. Specimens larger than 3cm in length were opened along the body cavity
to allow proper preservation of body tissue and gut contents.

Upon return to the laboratory, all specimens were transferred to a 70%
isopropanol solution. Specimens were then identified, enumerated, measured to
0.1lmm, and weighed to 0.0lg. Summer flounder, windowpane and weakfish were
measured to the caudal peduncle (standard length); silverside, biuefish and anchovy
were measured to fork length. All remaining species were measured to total length.
‘Aging and gut content analysis was conducted on all specimens of the dominant species
except for silversides for whom a representative subsample of the entire captured
population was used. Dominant species are defined as those species occurring in at
least half of the trawl stations or half of the beach seine stations, respectively.

Scale samples were removed from the dominant species at a point immediately
below the front edge of the dorsal fin and above the lateral line on the left side.
Permanent dry mounts were made of all scale samples. Age was determined by
projecting the scales on an Eberbach scale reading machine to 42x and counting annuii

outward from the scale focus. Age was defined as the number of growing seasons (as
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marked by the presence of an annulus) that a fish had completed. Thus, 0+ aged fish
was less than one year old (young of the year), while a I+ aged fish was at least one,
but less than two years old. Length/frequency was plotted for the dominant species.
Stomachs were removed from the dominant species for gut content analysis. The
stomachs were opened and the contents of each were washed into a petri dish for
examination under a stereomicroscope. Contents were identified to species level or as
far as possible based on condition, and enumerated. Frequency of occurrence and

percent composition were computed for the various food items.

_l_!-._2 Results and Discussion

4.2.1 Community Composition

Fifteen different species were captured at the trawl stations. Catch results are
displayed in Table 8. Keeping in mind the bias inherent in any finfish sampling
technique (gear selectivity, net avoidance capabilities of different species, etc.) as
well as the time of the year sampling took place, the dominant species were found to

be summer. flounder (Paralicthys dentatus) and winter flounder (Pseudopleuronectes

americanus). Though relatively few numbers of summer flounder were taken, their
presence at four of the trawl stations &stablishes them as a dominant species in the
Clinton Harbor area. The overall low numbers caught were probably due to the fact
that summer flounder are strong and active swimmers and could easily avoid a trawl of
small size fished at a relatively slow speed.

Five species comprised the nearshore fish community at the six seine stations.

Silversides (Menidia menidia) were the dominant species. Mummichogs (Fundulus

heteroclitus) were not considered to be dominants due to their presence at only one of

the seine stations.

4.2.2 Age Structure of Dominant Species

Younger fish predominate in the population of summer flounder sampled. Of the
seven specimens of summer flounder caught, 14.3% were in the 0+ age group, 71.4%
were in the I+ age group and 14.3% were in II+ age category. Because of the small
number of specimens it is difficult to draw generalizations about the population in the
harbor. However, the age structure of the specimens captured is probably representa-
tive, in that younger fish comprise the bulk of the population, older fish being found
further offshore.
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TABLE 8
CAPTURE RESULTS FOR CLINTON HARBOR

Station

TI T2 T3 T4 TS T6 51 82 83 s4 83

S6

SPECIES:

Summer Flounder
Winter Flounder
Toadfish
Silverside
Mummichog
Killifish
Bluefish’
Tomecod

American Eel
Pipefish

Puffer
Windowpane
Anchovy
Weakfish
Longhorn Sculpin
Little Sculpin
Tautog

Rockeel

1 2 383 254 29 18 125 30

71
1 2

13 ‘ 2
19
27
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As with summer flounder, younger fish make up the largest segment of the
population of winter flounder found in Clinton Harbor. As may be seen from Figure
18, I+ and I+ aged fish were most common. Of the total 28 specimens captured, one
was O+, 11 were [+, and |3 were II+. In addition, one IlI+ and one IV+ fish were caught.

Silversides were the most abundant species taken in the harbor, being present in
virtually all the seine samples, often to the exclusion of other species. Given the
schooling nature of the species, the large number caught at each station is to be
expected. This species is relatively short-lived reaching a maximum age of about two
years. The bulk of the specimens captured in the seine fell into the one to two year
old age class (Figure 19). Fewer O+ (young of the year) fish were taken, most likely
due to the mesh size of the seine.

4.2.3 Gut Content Analysis

Listings by species of all food items found in specimens examined are contained
in Tables 9, 10 and 11.

A wide variety of food items was identified in the stomach contents of the

dominant fish species. Demersal, as opposed to pelagic, feeders contained the greater
variety of food items. -

Several factors impinge upon the problem of determining the diet of a particular
fish species. The most important of these is differential digestion rates, which lead to
the selective accumulation of food items that are processed more slowly. Other food
items may be absent entirely from the gut contents depending on how soon prior to
capture the fish had eaten and, again, how rapidly certain food items were digested.

The sand shrimp {Crangon septemspinosa) was the dominant food source both

in frequency of occurrence and percent composition, of the summer flounder (Table
i1), The lady crab (Ovalipes ocellatus) was present in over 33% of the stomachs

examined and probably constitutes a major dietary item. Evidence of cannibalism was
indicated by the presence of juvenile Paralichthys. Because of the small number of
stomachs examined, caution must be exercised in applying the apparent dietary habits
of those specimens of summer flounder examined to that of the population in Clinton
Harbor.

Twenty-two different types of food items were found in the 26 winter flounder
stomachs examined (Table 9). Polychaetes predominated, being found in 61.5% of the
stomachs. Among polychaetes, species of the family Spionidae were present in the
greatest numbers. Given the relative abundance of worms of this family in the harbor,

this is to be expected. Glycerid worms were another frequently encountered family,
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Figure 18.  Length-frequency histogram for winter flounder (Pseudopleuronectes
americanus).
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TABLE 9

GUT CONTENT ANALYSIS DATA FOR Pseudopleuronectes americanus

Food Item

Frequency of Occurrence (%)

Percent Composition .
by Number (2)

Glycera americana

Mediomastus sp.
Nerhtys sp.

Spionidae

Streblospic benedicti

Phyllodocidae
Nereidae
Capitella capitata

Pectinaria gouldii
Clvmenella torguata

*Polychaetes (total)

Tellina agilis

Ensis directus

Macoma tenta
*Bivalves (total)

Corophium sp.
Ampithoe valida
Listriella barnardi
Ampelisca abdita
*Amphipoda (total)

Pagurus sp.

QOvalipes ocellatus
*Brachyurans (total)

Homarus americanus

Crangon septemspinosa

Heteronemertea

23.1
7.7
3.8
3.8
3.8
7.7
3.8
3.8
3.8
7.7

11.5
38.5
7.7

3.8
3.8
7.7
3.8

3.8
7.7

3.8
11.5

3.8

6.0
3.0
1.0
11.0
8.0
3.0
1.0
1.0
1.0
3.0
31.0

5.0
28.0
2.0
45.0

1.0
1.0
2.0
1.0
7.0

1.0
2.0
3.0

1.0
4.0

1.0

*Wholae identifiable specimens (does not include fragments)
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TABLE 10 :
GUT CONTENT ANALYSIS DATA FOR Menidia menidia

Percent Composition

Food Item Frequency of Occurrence (%) by Number (%)
Balanus sp. . 2.7 less than 0.1
Ostracoda sp. 17.9 1.7
*Crangon septemspinosa 30.8 less than 0,1
*Copepoda 74.4 82.8
larval crustaceans 20.5 0.2

*Whole identifiable specimens (does not include fragments)

TABLE 11
GUT CONTENT ANALYSIS DATA FOR Paralichthys dentatus

Percent Composition

Food Item Frequency of Occurrence (Z) by Number (%)
Crangen septemspinosa 8s5.7 94.5
Ovalipes ocellatus 28.56 3.9
Paralichthyidae : 28.6 1.6
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being found in over 23% of the stomachs examined, indicating that winter flounder are
also utilizing this abundant group.

In addition to polychaetes, bivalves were also a major dietary constituent of
winter flounder, being found in over 57% of the stomachs examined. The most
frequently encountered bivalve was the razor clam (Ensis directus). Tellina agilis
occurred in relatively low numbers (11.5%) in comparison with the razor clam. Given
the relative abundance of Tellina, it appears that winter flounder selectively feed on
Ensis in preference to Tellina. The sand shrimp was the most commonly found

crustacean although in terms of total numbers found, its value was relatively small.
Results of the gut content analysis of silversides (Menidia menidia) are shown in
Table 10. Pelagic copepods dominated in the diet of specimens examined both in

terms of frequency of occurrence (74.4%) and percent composition (82.8%). These
results indicate that copepods are the principal food source for silversides; numerical
percentages of other food items were negligible. In comparing copepods and sand
shrimp as food items, frequency of occurrence is a more useful figure due to the size
difference between the two. Sand shrimp were found in 30% of the stomachs
examined; these stomachs were from the larger specimens and it appears that only the
larger silversides use sand shrimp as a food item. Ostracods and larval crustaceans
(principally decopod zoea) were present in 17.9% and 20.5%, respectively, of the
stomachs examined, although both constituted a negligible quantity in comparison to
copepods. From the evidence provided by stomach contents it appears that silversides
do most of their feeding in the water column rather than on the bottom.
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5.0 INTERTIDAL ALGAL POPULATIONS

.1 Methods

Intertidal algal collections and observations were made on August 18 and 19,
1981. The purposes of the survey were to document the varieties of algae in the outer
Clinton Harbor area and to describe the nature and extent of the resident algal
communities.

The area surveyed was restricted to the western shore of the outer harbor, along
a one-mile stretch of coastline between the entrance to the inner harbor at Cedar
Island and the eastern boundary of Hammonasset State Park. The survey was
conducted entirely on foot, and all segments and tidal levels of the investigated
shoreline were visited at least once during each phase of the tidal cycle.

Both quantitative and qualitative field sampling techniques were emplcyed to
describe the algal communities in the survey area. The primary quantitative sampling
technique involved the use of a 3cm transparent plexiglass overlay on which were
twenty-five random dots. The overlay was placed directly on a segment of the algal
community and the species occurring beneath each dot were recorded. Five replicates
were obtained for each 'community investigated. The resultant data permitted an
enumeration of the dominant macrofloral species within each community, and provided
an accurate measure of the percent cover of each.

Supplementary quahtitative sampling was performed to identify those algal
components of each community which were of insufficient size or abundance to be
quantitatively measured. This group of plants comprised primarily the smaller
epiphytic species, but also included juvenile and diminutive forms of several macro-
scopic species. Qualitative sampling was accomplished by a thorough examination of
the entire algal population within each quantitative quadrat. OSpecies encountered
solely from the qualitative phase of the survey were recorded as occurring in "trace"
amounts.

Representative specimens of all species were preserved in a 5% formalin solution
and transferred to the laboratory. Taxonomic verification of all specimens was
performed using both a compound and stereomicroscope. Taxonomic identifications
were based upon the works of Taylor (1957), Parke and Dixon (1976), and South (1976).
Voucher specimens of all taxa encountered during the survey have been prepared and
are currently stored at Taxon, Inc.
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J.2 Results and Discussion
Most of the outer Clinton Harbor intertidal zone was of a moderate to high
relief, and consisted primarily of lengthy unbroken stretches of medium to coarse-

grained sand interspersed with small aggregates of fist-sized cobble. An estimated
60% of the intertidal substratum was of the mixed sand and cobble type. A
sand/cobble matrix is not a favorable habitat for algal germination and growth, and no
colonization of this substratum was observed in the outer harbor area.

Soft mud accounted for an additional 30-35% of the outer harbor intertidal
substratum. The mud occurred primarily in variously-sized patches within the more
widespread sand/cobble substratum. Mud substratum was particularly expansive at the
mid and low intertidal zones, and was considerably more common near Hammonasset
State Park where localized erosion of the boundary of the existing marsh contributes
to the formation of this substratum. Soft mud represents an equally unsuitable habitat
for intertidal algal development, and no macroalgal colonization of mud surfaces was
observed.

Intertidal habitat suitable for algal colonization was found in only 5% of the
survey areas. Three different habitat-types were identified, each supporting its own
distinct algal community. These have been termed the rock substratum algal
community, the salt panne algal community, and the tidal creek algal community
(Figure 20).

5.2.1 The Rock Substratum Algal Community

A complete list of species found in the rock substratum algal community is
presented in Table 12. The occurrence of rocky intertidal substratum was restricted
to a small area bordering on Hammonasset State Park at the far western periphery of
the outer harbor region. The area consisted of a large, seaward-facing, rocky outcrop
together with a lengthy rock dike. The dike served to separate the outer harbor from
Long Island Sound.

The rocky outcrop consisted of continuous rock substratum from the high to the
low intertidal zones, continuing out into the subtidal region. The high and mid zones
were of extremely high relief and consisted of rounded, well-weathered boulders of
moderate to large size. The low intertidal and shallow subtidal zones were of a more
gradual relief, and comprised smaller boulders together with rocks and cobble of
various sizes.

The south-facing outer side of the rock dike was of moderately high reiief at all

intertidal elevations and was composed primarily of medium sized boulders
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TABLE 12
PERCENT COVER OF ALGAL SPECIES COLONIZING THE ROCKY INTERTIDAL

SUBSTRATUM OF QUTER CLINTON HARBOR

Replicate

Cﬁlorophyta (Green Algae)
Blidingia minima
Chaetomorpha linum

C. melagonium
Cladophora albida

C. sericgea
Enteromorpha clathrata

E. flexuosa

E. intestinalis

E. linza

E. prolifera
Rhizoclonium riparium

Ulva lactuca

Phaeophyta (Brown Algae)
Ascophyllum nodosum
Ectocérpus siliculosus
Elachista fucicola
Pilayella littoralis

Ralfsia verrucosa

Rhodophyta (Red Algae)
Ahnfeltia plicaca
Antithammion americanum
Ceramium rubrum
Chondria tenuissima
Chondrus crispus
Corallina officinalis
Cystoclonium purpureun
Gigartina stellata\5
Gonlotrichum alsidii

H 3 H 13 ®

=]

H &~ 3 &

2

76

3

H- 3 &~ 1

56

16

16

52

76

57




TABLE 12 - Continued

Replicate
2 3~ 4 5
Rhodophyta (Red Algae){cont.)
Gracilaria foliifera 4 4 T
Palmaria palmata 4
Pelysiphonia denudata T T
P. harveyi = T T T T
P. lanosa T
P. urceolata T T
. Porphyra leucosticta T T
Total Algal Cover (%) 96 34 ?6 84 92
Total Species Number 22 18 18 17 17

Legend: T = present in trace amounts

only.
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and large rocks. The inward- facing side of the dike was of a moderately high relief at
the high and intertidal levels, but of a much more gradual relief at the low intertidal
and shallow subtidal levels. Medium sized boulders and large rocks were the
predominant substratum at the high and mid tidal levels. The low Iintertidal and
shallow subtidal regions comprised hard mud and sand interrupted by the protruding
surfaces of buried rocks and boulders.

The high and mid intertidal regions of both the rocky outcrop and the rock dike
were only sparsely and irregularly colonized with intertidal algae. Approximately 75%
of the rocks and boulders were completely devoid of algal growth. Representatives of
only five green algal species were encountered: Ulothrix flacca, Blidingia minima,

Enteromorpha linza, E. prolifera, and Ulva lactuca. Quantitative sampling techniques

were not utilized because of this lack of algal cover. However, a qualitative

examination of a representative sample indicated that Blindingia minima and

Enteromorpha linza were the more common of the five species. Individuals of all

species were small in stature, with most being no more than 2-4cm in length. The
diminished level of algal colonization in the higher intertidal zones is believed to be
due to the increased exposure associated with high relief habitats. Many plants
observed evidenced the frayed apices indicative of high exposure conditions.

The low intertidal and shallow subtidal regions of the inner side of the rock dike
aiso had minimum algal. cover. The sand and mud, which constituted the greater
portion of the substratum, supported no algal growth and algal colonization was
restricted to the surfaces of the small number of protruding rocks and boulders. Only
four very sparsely distributed species were encountered: the macrophytic red algae
Chondrus <rispus and Gigartina stellata, and the smaller green algae Ulva lactuca and

Enteromorpha intestinales. The reduced level of algal colonization was due to the

sand and mud substratum, as algal germination is known to be inhibited by the
presence of either. Sand and mud also continuously abrade the holdfasts of juvenile
and mature individuals, thereby increasing the susceptibility of the plants to
dislodgement from the substratum.

The lower intertidal and shallow subtidal regions of both the rocky outcrop and
the outer face of the rock dike were characterized by moderately high species richness
and very extensive algal cover. A combined total of 33 species was recorded for the
five replicates sampled. These consisted of 1|2 members of the Chlorophyta {green
algae), 5 members of the Phaeophyta (brown algae), and 16 members of the
Rhodophyta (red algae). Species richness was similarly high within the individual
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replicates; the number of species collected from the five replicates ranged from 17 to
22. The percentage of algal cover was also very high. For each of the five replicates,
the algal community covered between 84% and 96% of the available substratum.

The low intertidal and shallow subtidal regions were dominated by the macro-

scopic carrageenocid red algae Chondrus crispus. Chondrus was recorded from each of

the five replicates sampled. In addition, the percent cover of Chondrus in each
replicate was extremely high, ranging from 56-76%. The major subdominant species

were the macroscopic red alga Gigartina stellata and the macroscopic brown alga

Ascophyllum nodosum. Both species were encountered in four of the five replicates,

and had a maximum cover of 16%. Additional benthic species which were well
represented were the green algae Chaetomorpha linum and Ulva lactuca, and the red

algae Ahnfeltia plicata and Corallina officinalis. Epiphytic species also constituted an

important part of the flora community. The epiphytic red algal species Polysiphonia
harveyi and Ceramium rubrum were especially abundant on Chondrus. The most

common epiphytes of Ascophyllum were the brown algae Ectocarpus siliculosus,

Pilayella littoralis, and Elachista fucicola, together with the red alga Polysiphonia
lanosa.

5.2.2 The Salt Panne Algal Community .
A complete list of species found in the salt panne algal community is presented

in Table 13. Salt pannes are the marsh equivalent of tide pools, and occur as shallow
depressions in the surface of living or decayed salt marshes. The formation of the
panne commonly occurs as a consequence of localized erosion within the marsh. Once
formed, pannes serve as repositories for shells and cobble. The accumulated shells and
cobbles, in turn, serve as substratum for algal colonization.

The salt pannes of the outer Clinton Harbor intertidal region are associated with
a decayed marsh which presently lies buried beneath sand and cobble. Intermittent
breaks in the sand/cobble cover have resulted in the exposure of sections of the
underlying marsh and their associated pannes. Pannes were observed throughout the
outer harbor survey area, but were found to occur in greatest numbers at the mid and
low intertidal levels of the southern sections of the shoreline. The average panne was
1-2 m2 in size and 7-10cm in depth. Approximately 20-40% of each panne consisted of

potential algal substratum, The most common suitable materials were small cobbles,

slipper shells (Crepidula), and surf clam shells (Spisula).
The salt panne algal community had very low species richness. A total of only
eight species was recorded over the five replicates sampled. These consisted of six

members of the Chlorophyta and one member each of the Phaeophyta and Rhodophyta,
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TABLE 13

PERCENT COVER OF ALGAL SPECIES COLONIZING THE INTERTIDAL
SALT PANNES OF OUTER CLINTON HARBOR

Replicate
1 2 3 4
Chlorophyza (Green Algae)
Cladophora aibilda 4 T T
Enceromorpha clathrata 4 T T
E. flexusa
E. incestinalis 8 ] 4 T
E. prolifera T
Ulva lactuca T T 16 8
Phaeophyta (Brown Algae)
Scytosiphon lomentaria T 4 T T
Rhodophyca (Red Algae)
Gonlotrichum alsididi T T
Total Algal Cover (%) 16 12 20 8
Tetal Species Number ’ 7 5 6

Legend: T = present in rrace amounts only.
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Species richness was correspondingly low for the individual replicates; the number of
species collected in each of the five replicates ranged from & to 7. Total algal cover
was also relatively low, measuring from 8-20% of the available substratum for the five
replicates.

The dominant members of the salt panne community, as determined by percent
cover and the total number of occurrences, were the green algae Cladophora albida,

Enteromorpha intestinalis, and Ulva lactuca. Each of the three was collected from all

five replicates, and frequently occurred as relatively well-defined populations within

each replicate.

5.2.3 The Tidal Creek Algal Community
A complete list of species found in the tidal creek algal community is preéented

in Table 14. A small tidal creek located in the western section of the outer harbor
provided additional algal habitat. The creek originated well within the body of the
marsh, and emptied into the outer harbor at a point apbroximately one hundred yards
north of the breakwater jetty. The average depth of the creek was approximately 2!,
although a small number of pools were as deep as 4 to 5 feet, and a few shallow
sections were only a few inches in depth. The average width was 10 feet. The creek
bed consisted primarily of relatively compact sand and mud. Scattered cobble and
living individuals of the oyster Crassostrea occupied an estimated 25-30% of the bed,
and served as algal habitat. Approximately 30% of the cobble and oyster substratum
was colonized by algae.

The tidal creek algal community was characterized by relatively low species
diversity. The five replicates sampled generated a combined total of 14 species; of
this number, six species were members of the Chlorophyta, and eight were membérs of
the Rhodophyta. The number of species collected from the individual replicates
ranged from eight to ten. Algal cover for each of the five replicates measured
between 12-52% of the available substratum.

The macroscopic red alga Gracilaria foliifera was the dominant species, occur-

ring in all five replicates sampled. For the five replicates, Gracilaria occupied
between 12% and 24% of the available substratum. Gracilaria also appeared as the
most well developed of the resident species, commonly attaining a height of 20-30cm.
The green alga Ulva lactuca was the major subdominant species. Ulva occurred in all
five replicates and covered up to 12% of the available substratum. Additional species
which formed important components of the benthic flora were the red carrageencid

alga Chondrus crispus and the green alga Enteromorpha clathrata. The epiphytic algal
population was dominated by Polysiphonia harveyi and Ceramium rubrum, with

Gracilaria serving as the principal host species.
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TABLE 14

PERCENT COVER OF ALGAL SPECIES COLONIZING THE
OUTER CLINTON HARBOR TIDAL CREEK

Replicate
1 2 3 4
Chlorophyta (Green Algae)
Bryopsis plumosa T
Cliadophora albida T
Enteromorpha clathrata T 4 T 8
E. flexuosa T T T
E. intestinalis T T T
Ulva lactuca T T 12 8

Phaeophyta (Brown Algae)

Rhodophyta (Red Algae)
Acrochaetium daviesii
Ceramium rubrum
Chondrus crispus
Gracilaria foliifera
Goniotrichum alsidii
Polysiphonia denudata

P. harveyi

Porphyra leucosticta

Total Algal Cover (%)
Total Species Number

(No members of the Phaeophyta were encountered)

T

12 12 24

T T
T

T T T

12 24 24

9 10 10

20

32

12
24

52

Legend: T = present in trace amounts only.
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.0 MARSHBOTANICAL SURVEY

6.1 Methods

(22

Two areas of Hammonasset Marsh were chosen as study sités: Hammonasset
State Park, located near a tidal creek close to the southwestern limit of the proposed
DCMF; and Cedar Island, at the northern tip of Hammonasset Marsh, near the center
of the project area. The location of these sampling sites is shown in Figure 21.

Two transects were established at the Hammonasset State Park site: one
extending from the shoreline to the upper marsh, the other running parallel to the
shoreline (Figure 22). Five quadrats (1/16m2 each) were established by random toss
along each quadrat. The plant material in each transect was clipped with hedge shears
at sediment level, labelled, and individually bagged.

In the laboratory, plants were washed to remove adhering mud and each quadrat

was sorted by taxa. Two species, Spartina patens and Distichlis spicata, were further

separated into living and dead material litter. All sorted material was dried at 105°C
for 72 hours and weighed to 0.0l g. For each quadrat, live plants were enumerated by
species.

At the Cedar Island site a transect was established across the peninsula from the
Hammonasset River to the beach-marsh border and a visual survey made of the

vegetation.

6.2 Results

Six species of marsh plants, representing four taxonomic families, were present
in the collections from the Hammonasset State Park site {Table 15). The numerical
densities by quadrat for these species are presented in Table |7 and biomass values are
presented in Table 8.

The grasses Spartina patens and 3. alterniflora were the dominant species in this

community, occurring at six and seven of the ten quadrats, respectively. 5. patens was
restricted to the hlghér areas of the transect where normal tidal elevations do not
reach. Live biomass of this species ranged from 38.4g to 543.0g dry Weight/m2 and
litter was present in amounts ranging from 2.4g to 678.9g dry weight/mz.

Spartina alternifiora occupied the lower supratidal quadrats on the transect, as

well as the intertidal zone. Biomass values ranged from 28.6g to 295.5g dry
weight/ mz; litter does not accumuldte in these areas due to tidal action.

Of the two species, S. patens had higher densities, ranging from 768 to 9,376
plam:s/m2 in those quadrats where it was found. 5. alterniflora densities were

approximately one order of magnitude lower, varying from 32 to 1,040 plants/mz.
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Cedar lsland

HAMMONASSET RIVER

Cedar Island
Survey Site

CLINTON HARBOR

Hammonasset State
Park Survey Site

L ® \west Rock

Figure 21. Locations of marsh botanical survey sites, August 1931.
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CLINTON HARBOR

Figure 22, Marsh botanical survey transects at Hammonasset State Park site, August
1981.
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TABLE 15

SPECIES COMPOSITION OF HAMMONASSET STATE PARK SITE

Taxonomic Family

Chenopodiaceae
Plumbaginaceae
Compositae

Gramineae

Sclentific Name

Salicornia europaea
Limonium carolinianum
Iva frutescens

Distichlis spilcata
Spartina alterniflora
Spartina patens

Common Name

Glasswort
Sea Lavender
Marsh Elder

Spike Grass
Salt Marsh Cord Grass
Salt Meadow Grass

TABLE 16

SPECIES COMPOSITION OF CEDAR ISLAND SITE

Taxonomic Family

Myricaceae
Caryophyllaceae
Chenopadiaceae
Plumbaginaceae
Cruciferae
Leguminosae
Euphorbilaceae
Anacardiaceae
Plantaginaceae

Compositae

Juncaceae

Gramineae

Scilentific Name

Myrica pensylvanica
Spergularla marina
Salicornia europaea
Limonium carolinianum
Cakile edentula
Lathyrus japonicus
Euphorbia polygonifolia
Rhus radicans

Plantago sp.

Iva frutescens
Solidago tenuifolia

Juncus gerardi

Ammophila breviligulata
Distichlils spicata
Phragmites communis
Spartina alterniflora
Spartina patens

Common Name

Bayberry

Sand Spurrey
Glasswort

Sea Lavender

Sea Rocket

Beach Pea
Seaside Spurge
Poison Ivy
Seaside Plantain

Marsh Elder
Slender-leaved Goldenrod

Black Grass

Beach Grass

Spike Grass

Common Reed

Salt Marsh Cord Grass
Salt Meadow Grass
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TABLE 17

DENSITY (# plants/mz) OF MARSH VEGETATION COLLECTED
AT THE HAMMONASSET STATE PARK SITE

Species i 2 3 4 5 6 7 8 9 10
Spartina patens 9376 3040 768 3824 3280 - 2272 - - -
Distichlis spicata 48 256 - - - - - - - -
Iva frutescens - - 16 - - - - - - -
Spartina alterniflora - - - 9% 3z g4 48 1040 432 176
Salicornia europasa - - - ~ - - 16 32 - -
Limonfum carolinianum - - - - - - 16 - - -
TABLE 13

BIOMASS IN g DRY wt/m2 OF MARSH VEGETATION COLLECTED
AT THE HAMMONASSET STATE PARK SITE :

Species 1 2 3 4 5 6 7 8 9 10
Spartina patens
living 548.0 289.83 38.4 26l1.4 13l1.4 - 174.6 -
dead 225.1 678.9 134.1 127.8 2.4 99.4
Diazichlis spicata
living 13.9  33.8 - - -
dead - 44.5
Iva frutescens - - 231.8 - - - - - - -
Spartina aiterniflora - - - 67.0 28.6 66.4 65.0 295.5 140,35 261.9
Salicornia eurcpaea - - - - - - 1.3 1z.2 - -
Limonium carolinianum - - - - - - 175.4 - - -
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Seventeen species representing 12 taxonomic families were identified at the
Cedar Island site (Table 16). The species composition and zonation patterns of this
area were typical of New England salt marshes as described by Chapman (1940) and
Redfield {1972).

The area of the marsh bordering the Hammonasset River was occupied almost

exclusively by Spartina alterniflora, intermixed in the intertidal area with Salicornia

europaea and Limonium carolinianum. These latter two species were also found on the

high marsh in water-{illed depressions.
At_about the high tide level, this community was replaced by an association of

Spartina patens and Distichlis spicata. The upper marsh was domin_ated by these two

grasses and a rush, Juncus gerardi, which occurred in pure stands in the drier areas.

Also occurring on the high marsh were Spergularia marina, Plantago sp., Solidago

tenuifolia, and Iva frutescens. Colonies of the common reed, Phragmites communis, as

well as pure stands of Rhus radicans, inhabited the edge of the upper marsh. The

marsh-dune interface was occupied by Myrica pensylvanica, Cakile endentun, Euphor-

bia polygonifolia, Lathyrus japonicus, and Ammophila breviligulata.
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Improvement dredging of the federal channel to Clinton, Connecticut, and of the
private facilities in Clinton Harbor is forecasted to produce initially up to 300,000
cubic yards of dredged materials and subsequent annual quantities of about 35,000
cubic yards. Upland disposal areas for these quantities of dredged materials are not
available. Environmental Concern, Inc. was requested to evaluate the shallow water
area shown in Figure ! as a possible dredged material disposal and habitat development

site.

DISPOSAL AND HABITAT DEVELOPME NT‘ SITE

I. General Conditions

Although detailed bathymetric data are not available for the site, navigation
charts show water depths to average about one foot below Mean Low Water . The site
faces Long Island Sound to the south-southeast and abuts the salt marsh of the
Hammonasset State Park. The intertidal shore consists of pebbles and small stone
surfacing finer grain sized materials. Sand moving onshore is driven by waves across
the intertidal zone to a poorly vegetated sand berm that has developed above the
spring tide elevation. Storm tides have irregularly flattened this berm moving sand
onto the salt marsh to the northwest. An irregular band of Spartina aiterniflora marsh

occupies the upper half of the intertidal zone at the south end of the site. A line of
large rock running from the southernmost end of the site eastward to West Rock
(shown in Figure 1) renders some protection to the marsh. Because of the southerly
exposure of the site, the intertidal shores and shallow bottom are subject to
considerable wave stress. This stress, coupled with the c¢oarse shore and bottom
sediments, provides a poor habitat for diverse and abundant populations of benthic
organisms.

A recent boardwalk has been constructed through the salt marsh of the
Hammonasset State Park to the sand berm at the south end of the site (see Figure 1).

This boardwaik provides public access to the site.

2. Site Suitability and Potential for Enhancement

The site is too exposed to qualify for uncontained dredged material disposal with
subsequent habitat development. However, if the site is protected by a permanent
breakwater constructed along its seaward perimeter, it becomes suitable for a
combination of contained (for fines) and uncontained (for sands)} disposal within. The
breakwater could be constructed 5equentially to the extent necessary to offer
protection for these quantities of materials that are periodically dredged.
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The site has a high potential for biological enhancement. Dredged material
disposal and landscaping could be designed to offer a diversity of habitat types. For
example:

a. Existing intertidal shores could be retained and under the
protected environment acquire a layer of finer grained sediments
that would provide an improved habitat for benthos.

b. New intertidal dredged material exterior areas could be developed
to provide expanded areas of mudflat-marsh edge.

¢. New dredged material interior areas could be developed to
provide a combination of low and high elevation salt marsh and
high elevation unvegetated areas to promote tern nesting.

d. Existing shallow water areas could be retained as a refuge and
feeding area for fish.

The new habitat types would have potential educational value to the local
community and to visitors to Hammonasset State Park. There may be resistance from
Park officials towards any dredged material development work at the site. The
existing site conditions and scenery would change markedly. If the project was weil
presented to emphasize how it could augment and expand the Park services and

functions, such resistance might be transferred to encouragement.

CONCEPTUAL DESIGN FOR DISPOSAL AND HABITAT DEVELOPMENT

}. General Conditions

Sediment samplings in the federal channel to Clinton in 1971, 1975, and 1980
show that the sediments in the Long Island Sound section of the channel generally
consist of greater than 90% sand, and that the sediments in the Clinton Harbor section
of the channel generally consist of greater than 90% mud (fines). Further information
on the particle size distribution of the sediments and of the relative quantities of mud
and sand to be initially and annually dredged are not available. Additionally, a
detailed bathmetry of the site is not available. Consequently, only qualitative and
conceptual considerations can be developed at this point,

In order to (1) provide protected shallow water habitat and unrestricted water
circulation about any newly developed habitats, (2) provide maximum exchange
potential of newly developed wetlands and the interacting tidal water, and (3) avoid
restricting flow to and from the tidai creek that meanders from the site to the interior
marsh of the Hammonasset State Park (see Figure 1), the dredged material disposal
operation should be designed to maintain the existing conditions along the near shore

and intertidal shore of the Park.



Recent (1980-1981) uncontained open water disposals of hydraulically dredged
fine grained materials (mostly silts) by the Baltimore and Philadelphia District Corps
of Engineers provided intertidal and supratidal slopes of 2000-30 to 1. With this angle
of repose, fine grained materials developed to Mean High Water at the site would flow
at a radial distance of 1200 to 1800 feet from the pipe outfall. In order to prevent the
infringement of dredged materials on the near shore and intertidal shore of the Park,
all fine grained dredged materials must be contained.

In development of a conceptual design for dredged material disposal and habitat
development, the following items were assumed:

l. Mean Low Water = 0 ft; Mean High Water = 5.0 ft; Mean Tide
Level = 2.5 ft; Spring Tide = 5.6 f{t.

The average water depth throughout the site is -1 ft.

3. An adequate supply of sand to develop the containment structure
for the fine grained dredged materials will be available from
maintenance dredging of the Long Island Sound section of the
federal channel.

4, The particle size distribution of the sand is such that hydraulic
dredging and open water disposal wiil provide an angle of repose
of about 50 to 1| of the sand deposits.

5. The stone breakwater and the sand containment structure are
developed to elevations of 7 ft.

6. The fine grained dredged materials are developed to elevations
between 4.0 ft to 5.0 ft.

2. Site Development

A sequential development of the site, concurrent with periodic dredged material
disposal needs, is suggested. Figure 2 illustrates this sequential development. New
wetland habitats would be developed throughout the sand containment structure and
the fine grained materials as these areas are developed. Figure 3 shows the
completely developed site. Assumning Items | through 6 above {General Conditions),
Figure 3 reflects a developed site having the following characteristics:

I. Total capacity of 971,000 cu yd of dredged materials having:

a) 363,000 cy yd of fine grained materials
b) 608,000 cu yd of sand

2. 54 acres of Spartina alterniflora salt marsh developed on fine
grained materials at elevations between 4.0 {t and 5.0 ft.

3. 13 acres of Spartina alterniflora salt marsh developed throughout

the sand containment structure at elevations between 2.5 ft and
5.0 ft,

4. 13 acres of Spartina patens salt marsh developed throughout the
sand containment structure at elevations between 5.0 ft and 6.0
ft.




Hammonasset State Park

Long Island Sound

(figure not to scale)

— Continue as required for future dredging needs.

= —— - Centerline for permanent breakwater and sand containment structure.
v —— Permanent breakwater for initial dredging needs.
] Sand containment structure for fine grained materials.

- omeem -

=iii:tT Low profile temporary sand dike.

Figure 2. Sequential development scheme for dredged material
disposal and habitat development.
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Figure 3. Distribution of wetland habitats on dredged material containment facility.




5. 15 acres of unvegetated intertidal sand flat at elevations between
0 ft and 2.5 ft.

6. 13 acres of unvegetated to sparsely vegetated sand nesting area
at elevations between 6.0 ft and 7.0 ft.

7. 28 acres of shallow subtidal area at elevations between -1 ft and 0
ft.
The site capacity for dredged sand and fine grained materials and the areas of

the different types of habitats will vary as the angle of repose of the dredged sand
varies from the assumed value of 50 to l. Steeper sloping sands will reduce the site
capacity for sand and increase it for fines. They would provide smaller areas of

nesting, habjtat, 3. patens, S. alterniflora (on containment exterior), and mud flat and

a larger area of the contained fine grained dredged materials and associated S.
alterniflora. More gently sloping sands will reverse the above trends.

Any consideration of alternative designs should not include the development of
fine grained materials above the Mean High Water elevation. Such a development
would produce supersaline conditions and desiccation cracks throughout the sediments
above Mean High Water and would limit the successful establishment of any vegetation

throughout these sediments.

3. Vegetative Development

The establishment of 3. alterniflora between elevations 4.0 ft to 5.0 ft can be
accomplished by seeding. .The establishment of this species between elevations 2.5 ft
and 4.0 ft and of 3. patens between elevations 5.0 ft and 6.0 ft must be accomplished
by transplanting peat-potted nursery stock. Sandy areas between elevations 6.0 ft and
7.0 ft might be sparsely vegetated by a combination of Panicum virgatum

(switchgrass), Ammophila breviligulata (beachgrass), and Myrica pensylvanica (bay-

berry). Commercial nursery plant materials of these species are recommended.
Regional plant materials or ones obtained from areas south to Virginia would be
acceptable to use. _

All of the above plant species with the exception of P. virgatum were found

(Taxon, Inc. Biotic Survey) to occur naturally on Cedar Island. Panicum virgatum is

found on dunes and sandy slopes from Canada south to the Gulf States and should
develop well throughout the specified elevations on the habitat development site. All
of the above species are commercially available.

Transplanting on a 2-foot grid and 3-foot grid requires 10,890 and 4,840
transplants per acre, respectively. For 3. patens and 3. alterniflora, a 2-foot planting

grid would provide uniform vegetative cover within one fuil growing season. A 3-foot



grid would provide uniform vegetative cover within two growing seasons. If costs are
not a limiting factor, the 2-foot grid is preferred over the 3-foot grid because of (1)
rapid substrate stabilization, (2) reduction of ice damage due to ice removal of
isolated transplants, and (3) reduction in depradation by geese and muskrats.

Approximate costs for seeding and transplanting (including fertilization) are
$2,500 per acre and $1.25 per transplant, respectively.
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1.0 INTRODUCTION

The Clinton Harbor current and circulation surveys described herein were
performed by Ocean Surveys, Inc. (OSD) during the period 4-13 November 1981, at the
request of Taxon, Inc.

The specific purpose of this work was to obtain oceanographic information which
could be used by The Center for the Environment and Man, Inc. (CEM) for predicting
the potential impact of dredged material container dike(s) on circulation and flushing
in Clinton Harbor.

2.0 PROJECT SUMMARY

OSI was contracted to acquire three (3) distinct types of oceanographic data, the
first being continuous eulerian current data collected by deploying an in situ recording
current meter for nine (9) days near Wheeler Rock, at the mouth of Clinton Harbor
("CM", Figure 1), The deployment period was designed so that the data wouid include
both neap and spring tidal phases. The second type of data consisted of vertical
current velocity profiles. These measurements were taken at two (2) points where the
flow constricts when entering and leaving Clinton Harbor (stations "CH" and "HP",
Figure 1). Station "BW" was occupied (rather than "HP") when the sea state was
favorable. ' : .

The final phase of data acquisition entailed two (2) days of drogue tracking.
Each day (11-12 November 1981) surface drogues were deployed and tracked during
both the flood and ebb tides.

3.0 EQUIPMENT AND FIELD PROCEDURES

3.1 Current Meter Deployment

On 4 November 1981, OSI personnel deployed an Endeco Type 105 ducted
impeller current meter in approximately nine (9) feet (MLW) of water at the mouth of
Clinton Harbor. The meter itself was positioned on a taut line mooring at a height of
four (4) feet above the bottom (Figure 2).

The Endeco 105 records current speed and direction by taking a direct photo-
graphic time exposure of sensor outputs. At Clinton Harbor, the meter was set at a
recording rate of one {1} reading per 30 minutes. A specification sheet on the Endeco
105 is included in Appendix A.

On 13 November 1981, the current meter and mooring apparatus were retrieved
after nine (9) days of deployment.

A-1
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3.2 Vertical Profiling

Vertical current velocity profiling was performed at stations "CH", "HP" and/or
"BW" (see Figure 1) employing an Endeco Type 110 remote reading current meter.
This instrument provides information on four (4) parameters: current speed, current
direction, water temperature, and sensor depth. Readings of all four parameters were
recorder at two (2) foot (vertical) intervals. A specification sheet on the Endeco 110
is provided in Appendix A.

To assure location stability at each profiling station, the vesse! was secured in
place by empioying a two (2) point mooring. On station the current meter was checked
for proper calibration. The time was then recorded and readings initiated. The
vertical profiling data, as well as pertinent meteorological, sea state and location
information, are listed in Tables 1-3.

Profiling was conducted at stations "CH" and "BW" or "HP" during both flooding
and ebbing tides in order to characterize the current regimes at these points. Vertical
profiling was performed on two occasions at station "CM" to permit comparison
between the two types of eulerian data. Agreement between the corresponding sets of
data is excellent: 0.01 fps and 16° on 4 November 1981, and 0.17 fps and 3° on 13

November (see Tables 1 and 3, Station "CM" and computer listings in Appendix B).

3.3 Drogue Tracking

The surface drogues employed during this survey were designed and constructed
by OSI. They were buiit from plywood and weighted with leéd so that only a small
portion of the Styrofoam float and the stenciled flag were exposed above the water
surface (Figure 3). '

A Cubic "Autotape" DM-40A dual range electronic positioning system was
employed for tracking the surface drogues. This system is comprised of three (3)
components: two responder units and an interrogator unit. Range measurements are
obtained by microwave phase comparison between the shipboard interrogator and each
of the two shore-based responders providing extremely accurate range measurements
between the vessel and the shore stations. The two (2) ranges are automatically
displayed, in meters, by the onboard interrocgator at a one second rate. The accuracy
of the indicated vessel position at each one second "fix" is nominally + 1.0 meters and
is virtually unaifected by atmospheric conditions. A specification sheet on the Cubic
DM-40A "Autotape" is included in Appendix A.

A-4
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TABLE !

CLINTON HARBOR CURRENT AND CIRCULATION SURVEY
VERTICAL CURRENT PROFILE
4 November 1981

Station | .Depth Spead Direction Temp. Comments
(ft) (fps) (Tzue} (°c)
"oM* 8.0 0.17 257 13,1 «T = 1123
6.0 Q.34 272 12.9 +Flood Tide
3.9 0.25 273 12.9 Profile at current
2.0 4.17 282 12.9 meter

«Wind speed = 6-8mph
sDirection = 2409

"BW* 4.9 .84 Q17 14.0 «P o= 1200
4.5 1.10 012 13.2 «Flood Tide
2.5 1.18 009 13.2 +On line between
0.5 1.35 009 13.¢ breakwater and
Hammock Point
+Seas = 1-1.5 f£t.
"CH" 9.8 d.93 352 12.8 T o= 1212
7.2 1.18 355 12.9 Flood Tide
6.2 1.22 007 12.8 +25 ft southwest of
3.8 1.1s 017 12.8 buoy "N10"
1.8 l.08 Q12 12.8 «Calm in channel
0.5 1.05 007 12.9
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TABLE 2

CLINTON HARBOR CURRENT AND CIRCULATION SURVEY
VERTICAL CURRENT PROFILE
11 November 1981

Station Depth Speed Direction Tenp. Comments
' (££) (£ps) (True) (°c)
"CEr" 12.5 0.88 009 10.8 «T = 0758
11l.¢ 0.93 go9 10.8 -Flood Tide
9.5 0.93 007 l10.8 +Wind Speed = 4 mph
7.0 0.96 0a7 10.8 +Direction = 210°
5.3 0.88 Q04 10.8 -25' Southwest of
3.5 0.89 007 10.8 Buoy "N10"
1.0 0.84 017 10.8
"HP" 7.0 0.13 122 10.9 «T = 1415
5.0 0.14 122 10.9 +Ebb Tide
3.0 0.25 122 10.9 *Wind Speed = 10-12
1.0 0.25 122 11.0 mph
-Direction = 210°
+Sea State = 1-2°'
"CH" 5.0 2.186 212 10.3 T = 1435
3.1 2.11 202 l0.2 +Ebb Tide
1.0 2,19 202 10.2 «Calmer in channel
~ -25' Southwest of
Buoy "N10"

Remarks - First day of drogue work
Spring tidal conditions
Strong Southwest wind
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TABLE 3

CLINTON HARBOR CURRENT AND CIRCULATION SURVEY
VERTICAL CURRENT PROFILE
13 November 1981

Station Depth Speed Direction Temp. Comments

(£E) (£ps) (True) (°¢)

"CH" 13.5 0.81 012 9.9 T = 1008
11.1 1.01 00S 9.9 +Flood Tide
10.3 0.91 007 9.9 «Wind Speed= 4~53 mph
9.2 0.93 007 10.0 *Dirsction = (0459°
7.0 0.84 Qo9 10.0 +25' Southwest of
5.1 0.89 Q1s 10.0 Buoy “N1o”
2.8 1.38 Qis 18.0Q

"oM" 13.5 0.30 355 9.8 T = 1017
10.5 0.34 357 9.9 *Tlood Tide
9.0 0.34 Q17 9.8 «Profile at current
7.0 0.42 017 9.8 meter
4.5 ¢.42 017 9.8
3.0 0.34 002 9.8
1.0 0.24 002 9.9

"BW® 11.5 0.51 247 10.2 T = 1040
11.0 0.51 252 10.2 +Flood Tide
8.5 0.42 242 10.3 «Profile on line
7.0 4.54 237 10.3 between breakwater
5.0 0.51 237 10.3 and Hammock Point
2.5 0.51 237 10,3
1.0 0.51 247 10.3

Remarks - Current meter removed 1110
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At Clinton Harbor, the vessel was conned to each drogue in turn. When the
interrogator antenna was directly beside the floating drogue, a position "fix" was
noted. These range readings were recorded into field survey logs, and the approximate
location of each drogue was plotted onboard. This last step was performed to monitor
the movement of the drogues for relocation purposes and to verify positioning data.

The drogues were deployed along lines which provided maximum coverage of the
study area. Position determinations for each drogue were made at intervals of 10 to
25 minutes. The drogues were tracked throughout the study area and were recovered

' only when they approached shore, entered water too rough, or passed south of an

imaginary line extending between West Rock and Hammock Point.

4,0 DATA PROCESSING PRESENTATION

4.1 Current Meter Data

Data recorded onto film by the Endeco 105 is represented as a series of time
exposure bar graphs. By determining the percentage of full scale of a particular bar
graph, it is possible to determine an average current velocity over a particular
exposure interval., Nine days of data for Clinton Harbor were processed in this fashion
and are presented in Appendix B as computer listings of time, current speed and
current direction for each day of recording. '

Table # is a list of the predicted times of high slack and low slack water during
the survey period, and is provided for the convenient determination of tidal stage.

4.2 Drogue Tracking Data

Recorded fix times were combined with "Autotape" range information to
reconstruct drogue tracks and to compute an average drogue speed between fixes.
This information is presented on plan view drawings 72163-A through 72163-D at a
scale of 1" = 200",

Sea state and meteorologica.l.condiﬁons during the drogue tracking phase of the

current and circulation survey are listed in Table 5.

5.0 DISCUSSION OF DATA

During the Clinton Harbor oceanographic survey, OSI employed two (2) control
points: "HAMM 30" and "West.,” In speaking with offictals from the New England
Corps of Engineers, we found that they believe the coordinates of "HAMM 80" to be
inaccurate "by as much as + 2 feet." For this survey, errors of this magnitude do not
significantly affect the results.



TABLE &

CLINTON HARBOR CURRENT AND CIRCULATION SURVEY
TIDE PREDICTIONS* '
4-13 November 1981

Date Low High Low High Low
Slack Slack Slack Slack Slack
4 Nov. 0330 0933 1542 2216
5 Nov. 0426 1041 1643 2310
6§ Nov. 0522 1140 1743 nooz
7 Hov. 0615 1233 1839
§ Nov, 11101 0706 1324 1933
9 Nov. 0138 0755 1412 2024
1o Nov. 0224 0844 1501 2115
11 Nowv. 0311 0932 1549 2205
12 Nov. 0359 102l 1639 2256
13 Nov. 0450 1112 1731 2348

NOAA Tidal Current Tables 1981 §/T 80-248

%
Predictions listed are for times located half
way between Kelsey and Hammonasset Points.
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TABLE 5

CLINTON HARBQR. CURRENT AND CIRCULATION SURVEY
SEA STATE AND METEORQLOGICAL CONDITIONS DURING DROGUE TRACKING
11-12 Novermber 1981

Date Time Sea State Wind Speed Wind Directiecn Remarks
11 Hov. 0842 0.5-1.0 ft 4 - 6 mph 197 true Begin drogue tracking
: 0940 0.5-0.8 ft 4 - 5 mph 187° true Gugts to 8 mph
1132 0.8-1.0 f«x 7 - 8 mph 232° true Gusts to 10 mph
1228 0.8=-1.0 ft 7 ~ 8 mph 230° true Seas building
1353 1.0-1.5 ft 8 ~-10 mph 232° true End of daily opera-
tions
12 Nov. 0758 0,.3-0.5 £t 7 - 8 mph 29 true Begin drogue tracking
0920 0.8-0.9 ft 7 - 8 wph 332° true Gusts to L0 mph
1110 0.4-0.6 ft 3 - 5 mph 17° true Gusts to 8 mph
1300 0.4-0.6 ft 4 - 6 mph 12° true Gusts to 8 mph
End of drogue tracking,

The shorelines of Drawings 72163-A through 72163-D were plotted using OSI's
tablet digitizer*, "Autotape” range measurements, and field observations,

Drawing 72163-C shows that drogue passes very closely to the current meter

"CM" during deployment #3 (position fixes 1-2, T = 0300}

This provides the

opportunity to compare the in situ current meter and drogue data. We find that the

surficial currents are 0.35 fps less than those at a depth of nearly 9 feet, and the

direction of this movement is approximately 30° {(+ 23° from the current meter). This
P !

large speed differential results from the circulation pattern set up by lunar, metec-
rological, and tidal conditions. Higher velocities are to be expected at depth during a

flooding spring tide when surficial wind stresses from the northeast act to force water
out of Clinton Harbor.

*From NOAA (1976) Nautical Chart 12372, Page D, inset 5.
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DATA SHEET NO. 3
6/1/74

TYPE 105
SELF-CONTAINED
TETHERED

GURRENT METER

FEATURES:

REDUCED WAVE ERROR
FLOW REVERSIBLE
IMPELLER
UNIQUE TETHER DESIGN
HIGHEST DATA RETURN IN
THE INDUSTRY
DESIGNED FOR FIELD USE
EASILY SERVICED
DIVER INSTALLABLE

NEUTRALLY BUOYANT

LIGHT WEIGHT

RUGGED CASE AND
MECHANISM

INTEGRATED DATA
RECORDING

TWO WEEK DATA
TURNAROQUND

LOW INSTRUMENT AND
DATA COST

DELIVERY FROM STOCK
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THE ENDECO PROPRIETARY TE-
THER design and the flow rever-
sible impeller combine to allow
the instrument to cance! wave
induced errors.

EXCELLENT DATA RETURN is accomplished by maintaining
the ENDECO philosophy of simplicity in design. Rugged
mechanical componrents and a solid state Type 124 Crystal
Timer assure high accuracy. A unique bearing design
maintains a very conservative rotor accuracy specification
of =3 percent during long periods of field use. In addition
every instrument is individually calibrated, producing com-
puter stored compensations for use during data reduction.

DETAILED SPECIFICATIONS
1. CURRENT VELOCITY

Sensor type:
Sensitivity:
Speed Range:

Ducted Impeller

53.7 RPM /knot

0-1.75 knots (0-90.1 cm/sec)
at 1 Reading/60 minutes

0 - 3.5 knots (0-180.2 cm/sec)
at 1 Reading/30 minutes

0 - 7.0 knots (0-360.4 cm/sec)
at 1 Reading/15 minutes

Impeller Threshold: Less than .05 knot

(2.57 cm/sec)
Resolution: .05 knot
Speed Accuracy: =3 percent of Full Scale

2. CURRENT DIRECTION
Magnetic Direction: 0 - 360°
Sensitivity: =5* at 0.05 «not (2.57 cm/sec)

Resolution: =1

FIELD USE IS SIMPLIFIED through a design that is
oriented to the field service technician. A quick.rzlease
ciamp is provided for zasy field installation. Divers
fing the neutrally bucyant instrument very zasy to
nandle in water. Only minimum maintenance of the
Type 105 is required inside and out. Servicing requires
no more than changing standard size flashlight batte-
ries and the daylight loaded film pack. Outside, the
instrument case is non-corrosive shock absorbing
plastic. coated with anti-fouling protection to withstand
rigorous field conditions.

Accuracy: 2 percent above 0.05 knot, when

referenced to computer calibration

3. TILT
The instrument orients to the flow thus eliminating
the need for tilt indication or corraction.

RECORDING TIME AND RATE
Number of Readings: 3600
Recording Rate: 1 Reading/15 minutes
1 Reazging/30 minutes
1 Reading/60 minutss
24 hour Light Emitting
Diodz indication
provided by timer
Maximum Recording Pericd: 75 days st 1 Rezding/
30 minutss
Time Stability: =1.5 second/day at
20°C =4 second/day
from —5 to +30°C
ENDECO Type 124
Crystal Timer

>

Time Refsrence Mark:

Timer Type:




service of instruments to assure highest recovery of data.

TWO WEEK TURNAROUND of data at ENDECO is guaranteed. ENDECO goes one step further by providing custom field

LOWER COST PER INSTRUMENT is accomplished through the use
of plastic parts and ENDECO’s philosophy of simple design.

TYPE 105 TCM
INSTRUMENT/DATA PATH

SPEED
CALIBRATION

DIGITAL
CONVERSION

PUNCHED
PAPER
TAPE

STANDARD
REPORT

Compass and speed curves for each
instrument are computer-stored for
N " later data compensation.

COMPASS
CALIBRATION

Maximum Cepth:

S5. RECORDER
Method: Direct photographic
time exposure of

sensor outputs 7. INSTRUMENT HOUSING

Light Source: Light Emitting Diodes Material:
continuously energized Finish:
Format: Analog/Bar Graph
Film Cartridge: 50 feet - 16mm Cine
Kodak Magazine Hardware:
Film Type: Kodak Tri-X
£,
Power: Faur, 1 v valt standard 8. PHYSICAL SIZE
Weight:
6. CRERATING ENVIROMMENT Buoyaney:
Operating Medium: Sakt, fresh, or polluted
water
Operating Temperature Range: —2° to 45°C Dimensions:

(28° to 113°F)
—~34° to 65°'C
(—29* o 149°F)

Shipping Weight:
Storage Temperature Range: pping y

VECTOR ANALYSIS

Shipping Crate Dimensions:

STANDARD
PLOT

AND

500 fsst (pressure
cases to 10,000 psi
available)

P.V.C. Piastic

AWl surfaces painted for
resistance to marine
growth

300 Series Stainiess
Stee! and Plastic

27 pounds (in air)
Approximately neutra!;
adjustable for salt,
tresh, or polluted water
307 long x 16” diamater
45 pounds

38" long x 22" diameter
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{E0TE READING CURRENT METER

FEATURES:

+ MEASURES FOUR PARAMETERS:
« CURRENT SPEED
+ CURRENT DIRECTION
+ WATER TEMPERATURE
« INSTRUMENT DEPTH

+  SMALL BOAT ADAPTABLE:
+ COMPLETELY SELF-CONTAINED
- LIGHTWEIGHT
+ BOAT AND WAVE MOTION CANCELLING

+ PROVEN ACCURACY
+ RUGGED CONSTRUCTION
+ LOW CGST

DELIVERY FROM STOCK




W

O

ZHMALL BOAT ARAPTABILITY is accomplished in several
#2y8. NO externa! power source is necessary with the
complately self-contained unit: the light weight of the
instrument makes it convenient to handle and depioy.
The ENDECO tether design canceis boat and wave motion,
allowing accurate r2adings of low currents in a wave field.
For longer duration applications or when room permits,
an external 12 volt D.C. power source may be used.

Type 110 Lower Unit

CURRENT SPEED SENSOR:
Duzted impeller ap2 roed gwileh

Rangs: 0 to S knets (0 ta 257 cm./sec.)
Accuracy: =3 psrcent of full scale

Threszhold: Lezz than .05 knots
: (Z.87 cm./288.)
CURRENT CIRECTION. 3EMNSOR:
Magnetic compass with potentlometer

Range: Q0 - 38Q° (0 - 357° Electrical)
Azszuracy: =3 parcent of full scale
Thrazho!d: .08 knet
DEPTH 3EN3SR:

Pregeers operiled polenmtlometer
Rangs: 0 .- 100 fe=t. (Other rangss

. zvallable). .

Accuracy: =2 pereent of full scals
Cverpresaurs: 1.5 x full szals

., : . Yo it -

FOUR PARAMETERS IN ONE ASSEMBLY - current
speed, current direction, water temperature, and instru.
ment depth—means only one instrument on board wherg
space is at a premium.

DETAILED

in

Sensor Isolation: Oil filled isolator with neoprene
diaphragm for corrosion
protection of sensor.

TEMPERATURE SENSOR:
Linear glases bead thermistor
Range: 0° tg 40°C
Acturacy: =0.5°C
OPERATING ENVIRONMENT
Operating Medium: Sait, fresh or polluted watser.
Operating Temperature

Range: 0° ta 40°C (32°* to 104°F)
Storage Temperature:
Rangs: ~34 to 65°C (—29 tx 149°F)

Maximum Prassure: 500 psi (Pressure caszsz to
10,000 psi aveilable)
Maximum Mooring
Tansile Load: 250 pounds
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RUGGED CONSTRUCTION ensures that szach ENDECO
instrument will take the rough treatmsnt found in the
fisid. The instrument case is constructed from shock-
absorbing rasilient plastic, giving a lightweight, corrosion.
resistant packags. The polyuréthane jacketed cable con-
tains an anti-hosing material that automatically stops
water from penetrating and injuring interior instrument
components should the jacket be broken. An auxiliary
rope connected to the submerged instrument and clipped
to the telametering cable carries ail tension, thus pro-
tecting the electrical cable from stress and injury.

PROVEN ACCURACY is designed into
the Type 110. The simplified design
hag fewer parts to malfunction. Ex-
tensive testing and quality control is
Q performed on sach instrument with
individual rotors tasted in flow chan-
neis at 2.0 ft. per sec. (60.1 cm. per
sec.). A further test at 0.085 ft. per -
zec. (2.6 cm. per sec.) is performed -
on ndividual rotor threshoids. ‘

FICATIONS

INSTRUMENT HOUSING:. OPERATING ENVIRONMENT:
Material: P.V.C. plastic Operating Temperaturs
Finish: Anti-fouling painted surface Rangs: 0° to 40°C (32° to 104°F)
Hardwars: 300 Series Stainless Stes! Storage Temperature . . . .
PHVYSICAL SIZE: Range: —~34° to 65°C (—29° to 149°F)
Weight: 40. pounds in air DECK READQUT HOUSING:
Welght In 222 water: Approximately nsutrally bucyant Material: Corrosion rasistant formica case.
Dimensions: 30° long x. 16° diamater Hardware: 300 Series Stainiess Steel and
Type 110 Deck Readout chrome plated brass. .
Readout Maters: 6~ square PHYSICAL SIZE:
detgr Calibrations: Weight: Approximately 14 pounds -
Speed: 0 - 5 knats Dimensions: 10" high x 13~ wide x 10" deep.
Diraction: 0 - 380° magnetic north
Tempersturs: 0 - 40°C SHIPPING CRATE DATA (Whole Systzm):
Depth: 0 - 100 faet Dimensions: 39~ high x 22~ diameter

Powse: Eight 14 voit standard D" ceile Weight: 75 pounds
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CLINTON HARBOR CLURRENT DATH

CLINTON COMHMECTICUT

DATH BRATE: 1T HOY 133}

TINHE

30
t 30
230
339
438
330
530
739
330
938
1839
1139
1230
1330
14309
1339
1639
17309
1324
1930
2030
2139
2238
2338

DRTA
TINE

139
239
338
430
330
630
738
350
A3
1@39

APDhives DIF Uy
W, 38 154
9. 24 179
g.12 155
g.13 1390
9.36 256
9.39 236
@. 30 323
B.4%3 i
8.7 18
9,33 36
B.68 42
9.24 192
&. 24 135
8.309 1r
@.36 18%
g.12 128
9.43 204
3,42 259
@.13 233
.54 18
B.42 [
3.69 33
9,66 53
G. 42 42

DATE113 MOV 1931

SPD(fLs> DiRCvrud
9.12 142
0. 354 168
B.42 \7??
9.38 166
d.64 214
9,42 264
B.18 231
6,42 t4
1.50 28
9,86 £
9,54 L4

TiME

Lo
299
309
EL0]]
b1t 1" ]
58a
7a9
399
99
1292
1192
1200
1308
{409
1 §-1:1)
156049
1700
1808
1309
2994
2106
2290
2309
2480

TinMg

E12) (A S
gz
a.,24
2.8
.24
9,42
8,12
2. 54
3. 71
3.88
3,23
2,38
0.24
.30
elée
3.18
Q.24
@.43
Q.30
Q.24
@, 42
9,42
.83
.60
a.24

SPDLFL3y
8,42
9,42
.36
e.24
3.54
B.24
9,24
a,89
BT
R, 54
D, 42

ODIF tr
152
168
145
213
<65
ev9
353

?
23
44
59

133

{82

DIRC P
166
t7e
174
taz
229
263
306




CLIMTOH HRREUR CURRENT DRTH

CLINTOH COHKECT[CUT .

DATA DRTE: 19 WY et

TIME SPDvfraon DIF troa
T3] .48 [
139 9.0 z
239 A, 42
339 3,24
429 Q.24 237
T8 " @,48 7
638 3.68 2z
738 A, 38 330
339 w1 LT
939 0,20 45
1328 q, 08 B
113 .38 132
1220 8,42 17z
| 2ie @, 24 143
14389 0. 38 o283
1538 9,54 2T8
1535 a.12 229
1736 9,36 3a8
1338 9,423 o
1230 3,45 29
2930 LT 3
2130 1. 58 51
2230 .12 1
2338 .39 157
DRTA DATE: 1L HOY 1991
TIME SPD(ft3} DIRCLru?
39 B8.60 [
130 9.42 [ 1)
2349 2..38 221
330 Q.38 235
43 9.8 233
338 a,42 w
230 9,54 41
TG .7l T
23 . +& L
B39 B, 88 5%
1338 9,30 4%
1139 0.24 224
1230 G3.86 131
1339 3,42 174
1430 G..38 190
153a .12 206
1639 a, 43 ave
1239 3, 30 y
1879 0,42
1930 0.%54
2930 .48
2138 [ ]
2220 [ I
239 9. 38

TIME
Laa
pails]
ae
431
Soa
sQe
78g
209
15D
1998
1193
1200
1390
Y0
1566
jRQR
{7eQ
1298
19490
2999
2190
z2ae
2308
2408

TIME
1890
298
399
439
10
€A
e
)

“

A
)

113563,
1103
HET
1 30¢
1490
15a40
1A0E
1T
1&99
1539
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2199
L2049
gl

499

ERDCF g
X, 12
3,

",
3,24
Q.24
Q.80
a, 43
9.42°
v. 8@
0. 85
.12
¥, 42
D, 36
9. 39
U, 50
0,29
13
d,5e
9,42
D.60
A, h8
0,42
.96
9,38

A
T %

CSPDIFLy)

9,48
a, 30
3.68
Q.24
a.12
a.54
a, 42
a, %4
.48
g, 48
9,1z
3,24
9,42
0. 3@
0,42
0, 26
&, 43
3018
2,45
0,43
3,42
9. 71
8,24
Q, 42

IR L e
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44
2EE

276

-

o
23z
13z

DIRCtru)
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232
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343

42

-
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CLIHTOH HAREOQR LIRRENT DATA

SLINHTOH COHMECTICUT

DRTH DATE: 2 HOw |95}

TIME " SFDevye:. GiFe trgn “FD-Frzo vy
3 [x I et S .04
13203 [ sl T 9, 3
239 B. 38 24 A ot
334 9.4, 1 4104 0,42
430 a. 30 329 S99 3,38
et 9,35 1 a0 3.3¢
£39 [ 1 ) TR0 9,43
7a G.38 sl L] 0,39
g .13 116 349 .12
it B, 24 izo gl R G.34a
1334 1,24 EX Lt [y
1136 g, 1 114 gt ]t 9. ta
12%a a.tz 1514 1380 A.17
1338 3,34 27z L4 Q.43
1438 9.42 31 15948 3,30
13530 3. 3% 390 1€aa a.30
1638 d.28 ne 1 TR %, 24
1739 3.33 330 1269 Q.24
1330 i {c] 342 1930 g.39
1230 .42 +73 295 Q.43
283e A.3 3% 2199 a.tz
2130 3.9 163 2294 8.12
2230 d.o4 151 2209 .18
2339 . 24 18% 2488 a.12
DATA ODATE: 7 MOV t331
TIME SPD(fiLs3)> DIRCtru TIME SPDCrus) DIRc vy
349 a.13 229 Lod Q.38 233
139 a.36 240 298 9.4 247
238 g4.39 264 peialy) g, 38 272
330 a.13 283 4Qa Q. is 2EeR
430 B.24 348 509 .42 !
539 2,42 24 206 A, &R 21
630 a, 42 28 vae LN 42
rgel™ B.71 S 00 1.9} %
230 Q.54 S 2 g, 04 t1e
36 9.13 12 ISRRIN] O, 249 151
1930 9.3 153 PR T B, e 183
1130 8.3 145 1206 Q, .0 149
1230 .2 131 1369 a, 30 toa
1230 8.13 139 1491 8,24 14
1430 3,24 255 1500 a,42 25T
1530 2,38 it {3 W, R T
1839 0. 30 a1 1700 v, 43 R
V30 Q.42 345 1&5a B, %d :
1338 9.48 £ 1acg .94
1339 B.94 1 2060 D, ED
2930 9.59 S0 2183 Q.42
213¢ B.18 v 2939 (S ]
239 B,24 213 2390 s T 134
2330 3., 30 e ~480 9.24 136
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CLINTOH HRREGR CURREHT DATH

CLINTON COMHNECTEICUT

DATA DATE: & HIY 1231

TIME SFDIFLs DIRGtrus
i 9. 24 254
129 9.99 27
239 B, 12 299
230 B.1% 268
430 8.12 278
530 9. 60 248
639 B.18 22
739 a8.138 i70
330 8.3 139
930 9. 3€ 194
le2e B.24 249
1139 ¥.42 288
(238 8.2 311
1339 Q.24 313
1439 a.36 346
1339 9.4 358
1639 9.42 43
[ 738 8,54 38
18303 9.39 38
13938 3,18 36
2030 3,24 Fa- )
2139 3, 26 47
2230 3,183 338
2339 a.386 297

DATA DATE: 7 MOY 1941

TIME SPUCfLs) DIRC L rw)
39 9.12 324
1398 8,38 329
238 B.42 334
33Q Q.43 i3s
430 8,36 7
339 9.42 31
&30 9.39 47
730 ¥, 12 91
339 9,12 113
w39 G, 24 91
193¢a .13 76
1120 0.24 61
1239 .24 34
1330 8.39 16
{430 e.36 4
1939 a3, 36 ts
1e3g 3. 68 24
1738 B.43 3%
1839 3,42 i 42
1930 0,24 6t
2938 a,18 11!
2130 9.12 111
2239 3.13 113

2339 .24 105

s
TIHE
133
09
399
458
780
SR
7a9
309
991
1999
1104
1259
1309
{400
13¢0
1639
17G9
1869
1299
9000
2199
2299
2309
408

TIME
ioe
208
309
499
90
589
Toe
298
Elalt]

196a

11949

1289

1389

{4209

1388

fe0

1700

18989

1999

2999

2109

2299

2308

24989

ZFDiftar
.12
Q.85
.12
H.,.24
9,00
q, 66
0.1z
9.18
6,38
9,38
2,42
a,29
a.20
9,38
a.3@
Q.24
3.54
9,42
9.24
9.42
9.24
8,12
a,i2
9, 3@

SPD(Yts)
.39
0.30
d,42
6,42
9,94
2,42
g.12
8.12
2,34
3,30
9.19
8,18
8.24
9. 24
2,39
9,35
Q.42
9,42
a,39
9.13
9.08
3,18
3. 24
9,12

DIR s
e
%39
Zra
5%
271

3
149
117
183
{36
V2
2?3
313
337
387
12
47
3%
43
il
2@
323
ac i

311

DIR(trul
393
329
338

5]
.17
48
=3
122
139
a3
66
4g
3
4

1
t9
23
32
43
ER
134
193
1a7
122



CLINTON HARBOR CURRENT DRTA

CLINTON COHHEECTICUT

DATH

TIME
1129
1239
13309
1430
13530

laze.

1738
1839
1939
2939
2139
2230
23309

DATE: 4 HoY

SPDIFL3
B,.24
6,24
Q.38
8. 30
0.5
8.38
g.12
9.12
8.2
.12
2.13
B, 35
.39

1331

DIR el

259
294
42

22

S4

33
143
128
149
156
208
g ]

-

%57

MATE: I3 HOV 1981

SPOCF gl
a.13
8,24
e.12
9,42

71
.24
a.08
9.as6
@.48
9.24
9.24
8,30
.24
8.13
9.96
a.13
8.68

DIRC rud

=4Q
274
308

19

45

58
196
153
1568
174
228
245
24€
249
220

19

53

52
198
19¢
15a
1531

o
e at

L |

FIME
1208
1399
{492
1509
1809
1708
1894
1999
gl
2199
2299
2209
2449

TIME
199
209
390
49
%99
239
790
208
999
1§51
1169
1298
1399
1499
1509
1e90
1708
13908
1938
g
2104
ZZ08
2309
2499

SFDCFLs
9.2+
3,13
Q.24
9.4%
q, 54
9,39
3.13
2.13
9.12
.13
3,33
3,392
a. 12

SPRC(FfLs)
3,36
.30
2. 36
8.71%
e.?t
2.13
2.12
9.24
3,32
3.309
a, 30
Q.24
0.24
a.9e
9.88
.24
.77
3.18
8.18
2,30
G.42
3.356
Q.28
2,38

DIRC Ll
3ol
32

29

53

53
114
139
141
143
166
22
243
242

DIRtrus
247
298
338

33

43

89
137
139
172
298
239
239
267
231
242

2%

7e

38
131
193
158
247
237
286



APPENDIX B

CLINTON HARBOR STATION LOCATIONS




Station Descriptions - Clinton Harbor
September 2, 1981

Station descriptions will be done in the following format:
Station
Depth
Time of Sampling
Compass Bearings or Range to Markers
Comments

STATION |

18'

7:30 AM

55° - 60° — Kelsey Point

322° - 325° -- Tank

Ensis and Maldanids, marsh plant detritus; dark anaerobic mud with thin redox

STATION 2

15

7:45 AM

140 yards west of Bell #1

Anaerobic mud, thin redox, small Yoldia

STATION 3

14

8:10 AM

140 yards west of N "2"

Muddy sand, Nephtys, Maldanids

STATION &4

13

2:40 AM

400 yards from north end of Kelsey Pt. Breakwater
340~ - Hammock Pt.

Mud, plant detritus, Nephtys, Yoldia

STATION 5

13

9:10 AM

Line up West Rock with Tank
Sand/mud; Ensis, Maldanids

STATION 6

10
10:10 AM
110 yards NW of Wheeler Rock, Can #3

STATION 7

1o
9:50 AM
120 yards of Nun "4", line up Nun "4" with Tank

B-1



STATION 8
7! ‘
10:45 AM

110 yards west of Can "9" (note: Can 9 not charted)
Sandy mud

STATION 9
6!
12:30 PM
280° - Tank
190° - West Rock
140 yards east of shore

STATION 10
6!
1:0C0 PM
115° to Wheeler Rock
3002 to Tank
160° to West Rock
Line up Wheeler Rock on north end of Kelsey Pt. Breakwater

STATION 11
7'
1:2% PM
3000 - Tank
100" - Kelsey Pt,

205~ - Eastside of Hammock Point
375 yards east of beach

STATION 12
6!
2:00 PM

175oyards east of Nun "8"
27’0o - Nun "8"
1457 - Hammock Point

STATION 13
7!
2:20 PM

At mooring pile next to last house toward west
84 yards off beach

STATION 14
61
2:35 PM

Midway between Nuns 10 and 12, just south of Hammock River channel marker
posts

Eel grass bed



September 3, 1981

STATION 15

5.5

285° - Tank

90° - Can #7

217° - West Rack

105° - Hammock Point
120 yards west of Can #7

STATION 16
8!
11:40 AM
302° - Tank
225% - East side Hammonasset Point
102° - Hammock Point
325 yards west of Wheeler Rock

8-~3



APPENDIX C

CLiNTON HARBOR INFAUNAL Raw DATA
(ALL Counts Per 0.04 M2)
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September

CRITER)A SITE

14

2/

Ak

34

18

Y8

54

53

64

68

74

78

¥4

£8

vLi

95

10R

/08

uh

"a

il

¥

134

e

we

'¥8

76K

Bivalves

Tellion agllis
Hulinia lateralis
Geoma gemma

Hucula proxima

Ensls directus
Lyonsia hyalina
Yoldia limatula
Pandora gouldiana
Splavsla solidiasioa
Bivalvia unident.
Aequipecten irradians
Anadara transverss
Nucula delphinodonta
Thracia septentrionalis(?)
Tellina gp.

Mya arenaria

Hycilus edulla

Amphipods

Unciola irrorata
Listriella barnardi
Ampelisca abdita
Terichophoxus epistomus
Paraphoxus spinosus

Melita nitida

Caprelliidae
Protohaustorius deichmannae

Photis refnhardi
Ericthonlus braslliensis

Caprella penantis
Ampelisca agassizi
Acanthohaustorfus millsi
Elasmopus levis
Aeginina longlcornis

tinciola sp.
Uacicla serrata

Monoculodes sp.
Jassga falcata
Amphipeda unident.
Amphithoe valida
Corophium bonellil

Gastropods

Nassarius trivittatus
Crepidula fornicata
Ilyanassa obsoleta
Crepidula plana

12

20

239

s f B3

g o

Metoo

[+ I 1

Bl A

7

= Rpo]

o]

130
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September

CRIERIA SATE

I8

F¥.]

1{4

¥E

54

53

i

7]

74

78

va

£8

¥/

qs

108

108

Y

¥4

134

78

e

'Y

/5.9]/53 %4 |/658

Turbonilla sp.
Acteocina canaliculata
Edotea ¢riloba
Hitrella lunata
Gastropoda unldent.
Cylichng oryza
Crepidula convexa
Lacuna vincra
Qdogtomia bisuturalis
Crepldula sp. (Juv.)
Bittium alternatum
Alvania areolata

Corambellas ap.
Odostomia sp.
Turbonllla elegantula

Lrustacea

Pagurus longlcarpus
Oxyutostylis smithi
Cytheridea amerlcana
Cirripedia

Beopanope sayl
Ovalipes ocellatus
Crangon septemsplinosa
Heteromysis formoasa
Ydotea balthica
Leptochelia savignyt
Upogebia affinis
Cylindroleberis mariae
Hutchinsonella macracantha
Balanua improvisus
Idotea phosphorea

Sarsiella ap.
Pinnixa ap.

Cancer irrorutus
Leucon americanus
chiridotea tuftsi
Neomysis americana
Palaemonetes vulgaris
Hippolyte zostericola

Annelida

Streblosplio benediced
Tharyx scutus

Glycera americana
Hediomagtus ambisera
Oligochaeca
Spiophanes bombyx
fephtya plcta

23

3o
-

[}

30

[

i

86

il

A
e

o

k¥

23

143

3¢

-
=
P
61
~ofg

i2

[

R E

= i

EYS

137

251

350

73

12

49

TN s o

29}

20%

> 1w

23

&2 [ Lufeal

12

142

239

1O

5 = Joeagon o
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HC PNV I
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b
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September

CRITER A

SITE /A

2 A

28

34

.AIA

vE

£4

53

64

o8

74

78

¥4

£8

KL

108

1o 8

H"a

g

¥4

134

38

A

/Y8

54

158

%4

148

Scoloplos acutus
Syllinae/Eusyllinae
Paraonis fulgens
Aricidea sp.
Polygoxdius app.
Anaitidea spp.
Pectinaria gouldil
Exogone ap.
Asabellides oculaca
Nephtya incisa

Scolecolepides viridia
Eumida aangulnea
Polydora soctialias
Clymenella torquata

Caplitella capitata
Eteone heteropoda

Luobrineris ep.
Hagelona rosea

Hereis sp.
Sabellaria vulgaris

Harmothoe imbricata

- Leptdonotus squamatus

Polydora ligni
Hydroides dianthus
Maldanidae unident.
Dorvilleidae unident.

Coasura longocirrata
Anpitides arenae

Scoloplos aquamata
Phyllodocidae unident.
Folychaeta unident.

Schistomerinrog caecus
Nerels zonata

Scoloplos robustus
Paranaltis speclosa

Spiacheetopterus oculatus i

Spio filicornis
Neretis grayi
Polycirrus sp.

Piasta palmata
Eulalia viridis

Drilonereis longa
Nerels arenaceodonta
Siganmbra tentaculate
Owenla fusiformis
Glycera ap.

Polydora sp-.

Glycera dibranchiata
Polydora commensalis

100

42

[¥]

Y

10

io

> e

Kot

15

[ -

56

20

¥

EL

[P

i

50
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September

CRITERTA SATE

14

a8

VA

Y8

54

58

o4

&8

74

78

L]

£2

949

92

10F

108

nh

H"a

2h

¥

138

s

A

'¥8

/54

L&B

16 A

/4

Mise.

Tubulanus pellucidus
Nemertea unident.
Turbellarfa

Phoronida
Euplana gracilis

Holothuroidea
Ophiuroldea

-
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October

CRMER A SITE

14

28

34

54

558

48

74

78

¥4

£8

KL

73

108

108

Ha

124

/34

38

R

/48

159

s

Bivalves

Telllna agilis
Mullnia lateralis
Cemma gemma
NHucula proxima
Enals directus
Lyonaia hyalina

Yoldia limatula
tandora gouldiana
Spisula solidlsaima
Bivalvia unident.
Acqulpecten lrradians
Anadara transversa
Nucula delphinodonca
Thracia septentrivnalls(?)
Tellina sp.

Hya arenatia

Mytilus edults

Amphipods

Unciola trrorata
Listriella barnardi
Anpelisca abdita
Trichophoxus eplstowmus
Paraphoxus splnosus
Melita nicida
Capreliidae
Protohaustorius deichmannae
Photia relnhardi
Ericthontus brastliensls
Caprella penantis
Ampelisca agassizl
Acanchohaustorius millst

Elasmopus levls
Azginina longicorals

Unciola sp.
IMncicla serrata
Honoculodes sp.
Jassa falcaca
Anphipoda unident.
Amphithoe valida
Corophium bonelld

Gustropods

Nassarius trivittatuy
Crepldula foranlcata
Ilyanassa obsuleta
Crepidula plana

63

200

16¥

¢

E]

100

23

136

53

3

16

22

I}

33

do

2%

i2

643

L#

13

30

KE]

13

|

235

e0

F2

105

pole 12

Lo =

“n—

W

A3

b1
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46

h

34
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October

CRITER!A SITE

1A

a8

34

14

¥8

54

53

o4

&8

74

78

74

£

98

98

oR

108

ng

ug

124

/2.8

7134

i 7]

54

/58

V6 &

/é2

Turbonilla sp.
Acteocina canallculata
Edotea triloba
Mitrella lunata
Gastropoda unident.
Cylichna oryza

Erepldula convexa
Lacuna vincta

Odostomia bisuturalis
Crepiduta sp. (juv.)
Bittium alternacum
Alvania areolata
Corambella sp.
Odoatomia sp.
Turbonilla elegantula

Crustacea

Pagurus longlcarpus
tyurostylis smithl
Cytheridea americana
Cirripedia

Neopanope sayi
Ovalipea ocellatus
Crangon septemspinoaa
Heteromysils formosa
Idotea balthica
Leptochella savignyl
Upogebla affinis

Cvlipndroleberis marfae
Hutchinsonella macracantha
Balanus improvisus

Ldotea phogphores
Sarsiella sp.

Pinnixa sp.

Cancer irrorutus
Levcon americanus
Chirtdotea tuftal
Neomyals americana
Falaemonetes vulgarile
Hippolyce zostericola

Annelida

Strebloaplo benedicti
Tharyx acutus
Glycera americana
Hediomastus ambisera
Oligochaeta
Spiophanes bombyx
Nephtys picta
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=
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e
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1oy

o

31

Mh—-

[E]

e

[T
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3¢
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933

(13

b
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89

g

el
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218

g
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October

CRIER A =

a A

as

8

Y8

58 jaA

68

74

78

¥4

£fa

s

/ap

®

"8

nplizt

13 A

38

WE 8

54

/58

Scoloplos acutus
Syllinae fEusyllinae
Pavaonis fulgens
Aricidea sp.
Polygordius spp.
Anaitides spp.
Pectinaria gouldii
Exogone sp,
Asabellides oculata
Rephtys lncisa
Scolecolepides viridls
Eumida sangulnea
Polydora socialis
Clymenella totquata
Capitella capicata
Breone heteropoda

Lumbrineris sp.
Magelona rosea

Herels ap.

Sabellaria vulgarls
Harmophoe imbricats
Lepidonotus squamatus
Polydora ligoni
tiydroldes dianchus
HMaldanidae uvaident.
Dorvilleidae unident.
Coasura longocirrata
Anaitides arenae
Scoloplos squamata
Phyllodocidae unident,
Polychaets unidanc,

Schistomeringos caecus
Nerels zonata

Scoloplos robustus
Paranaitis speclosa

Splachaetopterus oculatus

Splo filicornis

Herels grayi
Polycicrrus sp.

Pisca palmata
Eulalta viridis
Drilonereis longa
Herels arenaceodonta
Sigambra tentaculata
Ouenia fusiformis
Glycera sp.

Polydora sp.
Glycera dibranchiata
Polydora commensalls
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October

CRITERIA SATE

14

a8

ol

¥8

54

58

i

w8

74

78

¥4

£3

94

98

108

108

ng

Hg

20

/125

/34

38

17

'¥8

54

/58

% A

/68

Misc.

Tubulanus pellucidus
Nemertea wnident.
Turbellaria
Phoronida

Euplana gracills
Holothuroidea
Ophiuroidea

e

=1

%3

[ D=t




APPENDIX D.

SEDIMENT PROFILE PHOTOGRAPHY
DATA SUMMARY




Date: September 1981

(R

Station Hodal Grain Penetration Ripple RED (cnz) Grain Size Used Successfonal Habitat
[} Size Depth  {cm) Index Area in Shield's cale. Hindgum u, To Srage Index
1 fs,fa-ms,fs(surface)s, 33,5.08,4.03 none 40.32,39.13,27.1 1254 1.21 cmfe 1.46 dyneslcmz 14,11 +5
ellt (subsurface)
2 vEs-silt,vEs-silt, 62 1.10 1.20 I,1,1 +3
vis 2.68,3.45,1.77 none 24.1,46.05,1
k] vis,vfs-fg,vis-f8  0.49,0.29,0.59 none 125 17,12,?
4 - - - - - -
5 fa,fs,fs 1.84,0.53,1.93 yea 125 1.21 1.46 i1
6 via-fa,vis—£s, &2-125 1.10-1.21 1.20-1.46 I/infauna,I/inf,1 +3°
vis—fs 4.45,2.31,3.11 none 26.9,14.46,14.5
7 vis,?7,? £2-125 1.10-1.21 1.20-1.46
0.33,0,0 none
8 ms,ms 1.03,0,1.4¢ none 230 1.32 3.74 L. fornicata
9 mng sma ,ms 1.22,0.70,1.21 19,9,13.3 250 1.32 1.74 1,1,1 poorly developed/streas-
tolerant Infauna
10 fs fs fa 0.57,0.71,0.77 6.9,9.0,5.5 125 1.21 1.46 maldanids (1)
1t is i3 ,ms 1.83,1.67,1.61 <6.5,10,<7.5 125-250 1,21-1.32 1.46-1.74
12 fg fs fs 0.83,1.66,0.71 28,76.5,13 125 1.21 1.46
13 fs fs,vEa-fa $2-125 1.10-1.21 1.20~1.46 infauna conveyor~belt speciea
}.25,1.22,1.21 none (blogenic) {maldanids?)
14 silc-vis 2.56,2.29,2.18 - qone 62-125 1.10-1.21 1.20-1.46 Zoatera
15 ms ,ms ,ms 1.21,2.75,1.35 24,7.5,5.9 250-500 1.32-1.61 1.74-2.59
16 o3 ,ms, fa-vfa 0.50,0.59,1.49 —s~sl3 125-250 1.21-1.32 1.46-1.74 maldanida?, bivalves?,

Transect:

1 o, fs ~ms 0.62,0.50 10,19 125-250 1.21-1.32 1.46-1.74

2 €3 ,c8 L.o4,1.07 yes 500-1000 1.61-2.31 2.59-5.34 Zostera

3 -.f8 -,2-32 yes 125-250 1.21-1.32 1.46-1.74

4 ch,08 1.21,0.96 none 5G0-1000 1.61-2.31 2.59-5.34 conveyor-belt polychaete
5 CB,ves 1.37,1.01 none 500-1000 1.61-2-31 2.59-5.34 Zostera

& 1,7 none - - - C. fornicata



¢=a

Date: October 198)

Statfon Modal Grain Penetration Ripple RPD (cnz)
Size Depth  {cm) Index Area
1 nS M3, AS 0.88,0.68,1.12 yea
2 vis,s1lt,s11¢ 2.88,2.96,2.10 none -,35.01,27.31
3 s, 1,1 0.49,0,n11 yes
4 ailt,sile,silt 6.78,5.37,5.02 none 25.7,29.32,13.86
5 ns,fs,fs 1.66,0.84,0.53 = 14,14
6 fs,fa,fs 2,10,0.76,2.50 -.18,-,
7 vis,vfa ,vfa ©.26,0.40,0.31 14,7,18
B Tailt+ms ,8iit+as  0,1,51,0 none
9 ®S , I3 g 1.32,0.65,0.90 —=s7.3
i0 £8,m5,vEs 1.06,0.81,0.42 .Y
11 ¢8-vcs,ca,ce-veg  1.01,1,50,0.83 ~,8,9
12 fs,fa,fs 1.03,1.12,0.96 ~,=,>10
13 fa ,fs fs 0.88,0.94,0.94 11.5,22 9.2
14 vis,vig ,vfa 1.43,1,32,2.0 none
15 fa,fa,fs 1.78,1.43,1.73 10,6.3,8.7
16 fs5-ma 1.46,1.854,2.07 1.0,6.0,2.0
Trangecc:
1 vis,fa 0.63,1.33 yeas
2 fe,fs 1.28,1.96 133
3 ns,ma 2.02,2.57 yes
4 0y ,ma 1.28,0.6% yes
5 Bs,ca 1.11,1.88 18,-
[ ca nil no

g Shisld's Coter Hintus o, % e vy
250n 1.32 cufe  1.74 dynes/em’  1,1,1
£2-125 1.10-1.21 1.20-1.46 1,11 +5
125 1.2r 1.46 1,1
62 1.10 1.20 1,I,1 +4
125-250 1.21-1.32 1.46-1.74 11,1
125 1.21 1.46 L1,
62-125 1.10-1.21 1.20-1.46
250 1.32 1.74 €. fornfcata
250 1.32 1.74 i
125 1.21 1.46 conveyor-belt
500 1.61 .59 epifaunal herbivores
125 1.21 1.46 mobile infauna
125 1.21 1.46 conveyor-belt feedera
62 1.10 1.20 Zostera,Zoatera,Zostera
125 1.21 1.46
250 1.3z 1.1 T
62~-125 1.16-1.21 1.20-1.46 stresa-tolerant mobile fnfauna
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